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A History of Public Health is the first book in a series 
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the editorial direction of Félix Marti-Ibaiiez, M.D., 
Professor and Director of the Department of 

the History of Medicine, New York Medical College, 
Flower and Fifth Avenue Hospitals, the aims 

of the series are to enrich the physician's 

knowledge of medicine and to impart useful 
information. Included in this series and 

scheduled for publication in the immediate future 
are A History of Neurology by Walther Riese 

M.D., and A History of Ophthalmology by George 
Arrington, M.D. Beautifully designed 

and attractively bound in durable cloth, 

A History of Public Health exemplifies the ultimate 
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in this book his [Dr. Rosen's) pen has 
skillfully traced the procession, sometimes noisy 
even stormy, sometimes solemn and majestic, but 
always colorful and human, of the men, 
deeds and facts that have played a vital part in 
the story of Public Health down the ages.” 


from the Foreword by Félix Marti-Ibaitez, M.D. 


HIS VOLUME approaches the subject of 
Public Health from a broad point of 
view and considers the health problems 
of communities of different periods 
in terms of their political, social, and 
economic patterns. A few of the 
topics covered are the following: disease 
prevalence, water supply and sewage 
disposal, epidemiological theory, maternal 
and child health, nutrition, occupational 
health, statistics, health education, public 
health administration, communicable 
disease control, medical care, public 
health and public policy, public 
health nursing, medical geography, 
and international health. 


A History of Public Health is 

the first comprehensive international 
account of community health 

action. The author deals with the 
evolution of public health in 

Classical Greece, Imperial Rome, 

the Medieval World, England, France, 
Spain, Italy, Germany, the United States, 
and several other countries that have 
made significant contributions to 
community health. Dr. Rosen also 
presents the lives and history-making 
contributions of the great figures 

in public health. 
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study of disease ecology 


The Ecology of Human Disease em omMpasses 
the study made by a world-famous medical 
geographer and ecologist of the occurrence 
and patterns of transmissible diseases as they 
arise among human groups throughout the 
world, through the combined workings of 
climate, bioties, and social and economic 
factors I his re markable book lise tisses the 


most transmissible diseases 


within the basic framework of agent, vector, 


Important 


reservoir, host, and geographical distribu. 
tion. The major part of The Ecology of 
Human Disease describes the ecology of the 
principal infectious, nutritional, and 
ioral diseases, including cholera, brucellosis, 
poliomyelitis, tuberculosis, leprosy, bacil- 
lary dysentery, salmonelloses, amebiasis, 
yaws, nematode infections, scarlet fever, 


measles, trachoma. 


fhout the Author: Di Jacques M. May ts 
head of the Medical Geography Department 
of the American Geographical Society im 
New York, where he has been engaged since 
1948 in compiling the Atlas of Diseases, 
which comprises in the form of maps as com- 
prehensive a presentation of the distribu: 
tion of certain human diseases as available 
data will permit. Dr. May is a member of 
the staff of the Medical School of New York 
University in the field of preventive medi 
cine and a visiting lecturer at the School of 
Tropical Medicine of Harvard University 
the School of Public Health of 


Columbia University. 


Beautiful in design, format, and artisti 
typography, The Ecology of Human Disease 
ws an elegant and worthy addition to the 
libvary of every physician, anthropologist, 


social scientist, and human geographer 
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CENTAUR: Essays on the History of Medical Ideas 
by Félix Marti-Ibafiez, M.D. 720 pages, $6 


The historical pageant of medicine 

~ in its full dimensions 

~ with its ultimate concept 

The scope of this book is truly broad, not being limited by 
era or geography. Here are articles on the development 

of medicine in Don Quixote’s Spain; William Harvey as a 
student in gay Padua; the influence of atomic science 

on modern art; the riddle of curare; the role of books 

and writing in the physician's life; the turbulent, 

bloody world of the artist-physician during the Renaissance; 
the psychology of Oriental rug symbols; the evolution 

of contemporary psychobiology; and many other notable 

and intriguing topics. 


MEN, MOLDS, AND HISTORY 
by Félix Marti-Ibafiez, M.D. 128 pages, $3 
The new world of antibiotics 

~ its over-all meaning in science 

~ its total impact on society 


The history, present status, and probable future of 
aatibiotics are presented with originality and profound 
insight, and their effects on science and civilization i 


are shown with dramatic sweep. Among the subjects covered | 
are: the search for the broad-spectrum antibiotics; | 
important, related aspects of clinical medicine, general 
scientific research, medival education, and public health; the | 
background of the clinical case history; words 

and medical communication; the relation 

of antibiotics to the art of translation; and others. 


These two books, a panorama of the men, 

ideas, events, and places that made history, reflect the 
striking philosophical viewpoint of 

Félix Marti-Ibafiez, M.D. The author’s colorful 

life enables him to think as a psychiatrist, 

historian, author, and soldier malgré lui. He has lived 
and extensively traveled in four continents, and 

has worked with dedication and achievement in the 
humanities and sciences, always maintaining his quest 
for the decisive messages of medical humanism and 
continuing his search for his own inner truth. 

At present, in addition to his writing and publishing, 
Dr. Marti-Ibafiez is Professor and Director of 

the Department of the History of Medicine, New York 
Medical College, and Editor-in-Chief of the medical 
newsmagazine, MD. 

Beautifully designed in an unusual format and finely 
bound in durable cloth, both books are eminently 
readable and make a worthy addition to any library. 
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A HISTORY 


OF 


NEUROLOGY 


by Walther Riese, M.D. 


Associate Professor of Paychiatry and Neurology ; 
Chairman, Department of the History of Medicine, 
Medical College of Virginia, Richmond, Virginia 
Consulting Neuropathologist to the 
Department of Mental Hygiene and Hoapitale 
of the Commonwealth of Virginia 


ere is a new approach to the history of neurology. 
With an historian’s eye for the dynamic, 

_ the author has chosen to focus on “the great and 

lasting problems” that have remained inherent 

in man’s endeavor through the ages to 

understand the functions of the nervous system 
and their disturbances. By concentrating on fact, 

thought, and theory, Dr. Riese has achieved a 
comprehensive picture of neurologic progress. 


_ Dr. Riese traces the history of the doctrine of 
cerebral localization, its scope, limits, and different 

_ versions, both past and present. Other sections of 

_ special interest include those on the history of 

_ diagnosis, prognosis, and therapy in neurology ; 
and a comprehensive treatment of the history of 
diaschisis or cerebral shock. Also included are 
invaluable sections: neurological chronology ; 
list of journals specializing in neurology 

- and neurological societies and associations. 


This volume is one of a series devoted to the 
histories of various specialties and facets of 
medicine. Félix Marti-Ibaiiez, M.D., who wrote 
the foreword to A History of Neurology, is the 
Editoria! Director of the series, which includes 
Public Health and Ophthalmology. 
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Symposium on Chlorothiazide and Its Derivatives 
Part I 


Guest Eprror Joun H. Moyer, M.D 


The Pharmacology of Chlorothiazide and Its 
Analogues 


Karl H. Bever, M.D., and John E. Baer, Ph.D 


MERCK INSTITUTE POR THERAPEUTIC RESPARCH 


WEST POINT, PA 


Since the initial reports in 1957 on the chemical structure of chlorothiazide by 
Novello and Sprague'* and the description of its saluretic action by Beyer et al,* 
analogues of the compound have been synthesized in numerous laboratories. The 
widespread interest in these compounds 1s attributable to the unusual utility and 
safety of chlorothiazide in the management particularly of cardiovascular-renal 
diseases. *! 

The purpose of this report is co deal with che pharmacology of chlorothtazide and 
of its analogues that have been introduced to the medical profession, insofar as that 
knowledge 1s available to us or was determined in these laboratories up to the time 


this communication was prepared 
CHEMISTRY 


The compounds presently available in this country and abroad include chloro 
thiazide,* hydrochlorothiazide,t their analogues wherein the chloro group ts re 


Part Li of this Symposium wall appear in the September issuc 
* The trade name of Merck Sharp & Dohme, Division of Merck & Co., Inc., for chlorothiazide, 6chloro 


7-sulfamyl-1,2,4-benzothiadiazine-1,1-dioxtde, is Diuril in the United States and Canada, Saluric in the 
United Kingdom, Chlotride in Europe, the Near East, and the Far East, and Clotride in Latin America 


and Portugal 
+ The trade name of Merck Sharp & Dohme, Division of Merck & Co., Inc., for hydrochlorothiazide, 


6-chloro-7-sulfamyl-3,4-dihydro-1,2,4-benzothiadiazine-1,1-dioxide, is HydroDiuril, the trade name of Ciba 


Pharmaceutical Products Inc. for the same compound 1s Esidrix 


HS 


x H x 


I II 


Fico. 1. Structural formulas of chlorothiazide and its analogues. 1 


X=Cl (chlorothiazide), X= CF, flame 
thiavide): X=Cl Chydrochlorothiazide), X=CF, Chydroflumeth 


vide? LH, chlorodisulfamylaniline 


1 trifluoromethy! substitution,* and chlorodisulfamvlantline,t which ts 


placed by 3 
a hydrolytic product of the chloro analogues in both series 


both a precursor and 
he structures of these several compounds and their distinctions may he represented 


as shown tn figure | 
Except for chlorodisultamylaniline, it may be seen that the available compounds 


are very similar in structure to the original chlorothiazide. In his discussion of the 


relation of structure to activity, Sprague®® pointed out that the substitution of onc 


the ring for another did not alter significantly cither 


halogen in the 6-position on 
| 
Indeed, the substitution 


the potency or the qualitative character of the drug action 
of the trifluoromethy! pscudohalogen tor the chloro group in cither the ¢ hlorothiazide 
or hydrochlorothiazide series partakes of that generalization, as can be derived from 
On the other hand, the saturation of the thiadiazine 


the data to be presented herein 
he resulting compound 


motety is capable of increasing substantially the potency of ¢ 
in both the chloro and the trifluoromethyl! sertes 

All of these compounds are acidic, and as such are but slightly soluble in water 
However, they are readily soluble at pH greater than 
crystallize from body fluids when administered orally or parenterally in dosages con 
The benzothiadiazines can be 
isulfamvlaniline 


7 and show no tendency to 


siderably in excess of those employed in therapy 
hydrolyzed to yield the corresponding chloro or trifluoromethyl d 
lhis, in turn, can be diazotized and coupled with a chromogen tor analytical pur 


poses. Whereas chlorothiazide 1s more easily hydrolyzed under alkaline conditions, 


hvdrochlorothiazide undergoes hydrolysis more rapidly tna neutral medium 


PHARMACOLOGY 


Electrolyte Response The patterns ot electrolyte response for these several com 
Whereas the earlier carbonic anhydrase inhibitor, 


pounds arc essentially simular 
climination ot 


acetazolamide,{ induced predominantly an increase tn the urimary 
sodium and bicarbonate,'' these compounds tend to cause predominantly an increase 
in sodium and chloride elimination, thus their designation as saluretic agents. Like 


* The trade name of E. R. Squibb & Sons, Division of Olin Mathieson Chem ‘ for flumethiazi 
diontde, Ademil Th rade nam Leo 


Pharmaceutical Products for hydrotlaumethiazide, 


thiadiazine-1,l dioxide, 1s Rontv! 
+ The trade name of Ferrosan for chlorodisulfamylaniline ts Salamid 
t The trade name of Lederle Laboratories Division, American ¢ vanamid Co., for acetazolamide 


1s Diamox 
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acetazolamide, all these several compounds produce about the same increase in 
potassium excretion when compared on the basis of saluretic potency. This general: 
zation has been noted by the several investigators who have reported on these agents 

Typical renal clearance experiments illustrating the clectrolyte excretory response 
to acetazolamide, chlorothiazide, hydrochlorothiazide, flumethiazide, and chloro- 
disulfamylaniline are represented in table 1. None of the compounds significantly 
influences glomerular filtration rate at these dosages or as employed clinically. In 
these experiments urine flow gave no truce indication of the diuretic propensity of the 
compounds, No attempt was made in these data to represent the comparative order 
of activity of these compounds, for this will be done under more suttable experimental 


conditions (figs. 2-6 

A slight difference in the chloruretic response between the unsaturated and the 
dihydro series can be illustrated by comparing the saluretic response with chloro 
thiazide and hydrochlorothiazide under conditions of ammonium chloride induced 
acidosis or sodium bicarbonate induced alkalosis in dogs (table ID). Here it may 
be seen that a chloruretic response to hydrochlorothiazide ts exaggerated moder 
ately over that of chlorothiazide under conditions of acidosis. Under conditions of 


TABLE I 


fect of Various Compound s* on Electrolyte weretion by Dogs 


Urine 


Chloride 


Sodium Potassium 


Excretion, a reab- Excretion, Excretion, Flow, GFR, 


min. sorbed wEg. min ‘min PH mi. /min 


Acctazolamide 44 9 5 23 ? 629 2.1 65 1 


Chlorothiazide 


Flamethtazide 


Hydrochlorothiazide 


Chlorodisulfamvlaniline 


D 1§ 


as measured by cxogenous creatini arat All values are averages 
th 


GER 


of replicate 10-minute clearance periods in both the control phase Cand the drug phase 


periment 
* 1.25 mg. Kg. prime, intravenous, 1.6 mg. Kg. hour 


= glomerular filtration rate 
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Fic. 2. Effect of increasing intravenous doses of 2,4-disulfamyl-$-chloroaniline on clectrolyte excretion in 
dogs. A priming dose, as indicated was given and venoclysis begun at the indicated rate 20 minutes prior 


to replicate 10-minute clearance periods 


alkalosis, chlorothiazide tends to cause an increase in bicarbonate excretion to attend 
the chloruretic effect (table I). On the other hand, hydrochlorothiazide causes a 
more profound chloruresis even under conditions of marked alkalosis, there being 
relatively less effect on bicarbonate excretion. Mover et al'® have noted that in 


patients the chloruretic-to-natruretic response may be greater for hydrochlorothiazide 


than for chlorothiazide 

This modest difference between the chloruretic response to chlorothiazide or 
flumethiazide and their dihydro derivatives may be anticipated to produce clinical 
differences in patient response that may be of consequence. Thus, while the action 
of hydrochlorothiazide may more nearly simulate that of the organomercurtals, one 
would expect it to have a greater propensity to induce a hypochloremic alkalosis 
than would be the case tor chlorothiazide. This duality of chlorothiazide effective 
ness with respect to the principal anion being excreted under conditions of alkalosis 
or acidosis might be thought to contribute in some measure to the maintenance of 
homeostasis 

Poteny. The apparent potency of hydrochlorothiazide and its trifluoromethyl! 
analogue ts substantially greater than that of chlorothiazide or flumethiazide. The 
comparative potency of the several compounds varies somewhat from one species 
to another and from patient to patient. The order of potency and the pattern of 
electrolyte response for the dog can be illustrated by comparable data for these 
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several compounds when administered intravenously figs. 2 6 These data are 
taken from renal clearance experiments where the intravenous dosage was increased 
after cach duplicate period. A 20-minute period for equilibration was allowed atter 


each increase in dosage before the next pair of clearances 
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The dosage response curve tor flumethiazide was suthciently flat, in our expert 
ence, as to make a comparison of potency hazardous. Judged by experiments such 


as were represented in table 1, but employing a series of different dosages in several 
dogs, the absolute potency of flumethiazide ts only slightly less than that of chloro 
thiazide. In general, we have found flumethiazide to be active at very low dosages 


but to have a comparatively flat slope to its dose-response curve. On the other hand, 


chlorothiazide yields a systematic increase in dosage response over the range tested 


Tisch et al®® have reported that in crossover experiments the oral saluretic ethcacies 


of flumethtazide and chlorothiazide were about equal in the dog. Compare figures 


§ 

Recently, Baer et al’ have compared the potency of hydrochlorothiazide with chat 
of chlorothiazide in dogs. In their hands, the natruretic response to hydrochloro 
thiazide, administered orally, was 9.3 ames that of chlorothiazide. These data agree 


with the previous report by de Stevens et al.’ Similarly, Barrett et al’ reported 


hydrochlorothiazide to be 6.3 to 8.0 times as active as chlorothtazide in the dog 


They likewise pointed out the seemingly greater chloruretic-to-natruretic effect of 


TABLE Il 


t of Chlorothtazide and on lectrolyte in Dogs Made Acadors 


with Ammonsm Chloride or Alhalotec with Bicarbona 


Chlorid Bicarbonat 


Potassium 


Sodium 


Excretio Ur GER Plasma 


ab Excretiot 


Ammonium chlorid 


acidosis 


Chlorothtazide Ct WS ) 


Sodium bicarbonate 


alkalosts 


Chlorothtazid ( ) 


6s 1 


14.) 416 


* Ammonium chloride or sodium bicarbonate was administered orally in a dosage of 100 mEq. day to 
five davs 

t Average of triplicate suce " 10-minute clearance period ( ontrol pha D lrug pha 
Hydrochlorothiazide dosag 1.25 mg. Kg. intravenous prim plu .3me Ke. hour mntraveno Chloro 
thiazide dosage: 2.5 mg. Kg. intravenous prime plus 3.0 mg. Ke. hour intraveno according to Bact 


tal? 
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hydrochlorothiazide than of chlorothiazide. In the rat, hydrochlorothiazide was 
reported by Renzi ct al®’ to be 7 to 21 times as potent as chlorothiazide. The figure 
of 10 times greater potency in the rat reported by Goldberg and Hwang"? ts in agree- 
ment with the findings of Renzi ct al.*’ (Compare figures 3 and 4 

We have found the trifluoromethyl! analogue of hydrochlorothiazide to be dis- 
cernibly less potent than hydrochlorothiazide at submaximally effective dosages 
figs. 2.6). There are no other comparisons of potency between hydrochlorothiazide 


and its corresponding hydroflumethiazide in the literature to date. However, 
Kobinger and Lund'* have reported hydroflumethiazide to be 15 to 20 times as 
potent on a dosage basis as chlorothiazide in the rat. Tisch et al*® reported that 
hydroflumethiazide was only about twice as potent as flumethiazide and chlorothi- 
azide when assayed in the dog. 

There is one interesting difference between the dose-response curves for chloro- 
thiazide and perhaps flumethiazide as compared to those of their hydrogenated 
analogues. It will be noted that in the intravenous dose-response curves for hydro- 
chlorothiazide and hydroflumethiazide (figs. 3-6), there was a depression of sodium 
and chloride excretion at supramaximally effective dosages. This interesting ob- 
servation is not attributable to a depression in glomerular filtration rate but to an 
absolute increase in the reabsorption of sodium. This same depression in the ex- 
cretion of electrolytes was noted by Moyer et al'® in man for hydrochlorothiazide at 
supramaximal dosages, although it was not commented on by Ford.'' It should 
be noted, also, that both sodium and chloride reabsorption was depressed at the 
highest dosage, but the kaluretic effect was not influenced similarly. 

The natruretic effece of chlorodisulfamylaniline 1s substantially less than that of 
chlorothiazide or any of the other compounds. However, the kaluretic effect was 
as great as those of the other agents. The compound ts well absorbed and is demon- 
strably active when administered orally at a dosage of 3.0 mg. Kg. It has neither 
the advantage of potency nor an attractively different clectrolyte pattern to com- 
mend it. (See figure 2 

The maximal saluretic responses for these several compounds administered orally 
at supramaximally effective dosages are essentially similar, insofar as this has been 
studied. This is particularly evident when the oral dose-response curves for 
chlorothiazide and hydrochlorothiazide are compared, as in figure 7. From the re- 
gression curves, it can be calculated that the submaximal natruretic potency of hy- 
drochlorothiazide was 9.3 umes that of chlorothiazide. However, at maximally 
effective dosages, the six-hour natruretic response to chlorothiazide was at least as 
great as that of hydrochlorothiazide. From these considerations it might be pro- 
jected that if the dosage of chlorothiazide or hydrochlorothiazide were individual- 
ized to the patient, it should be possible to elicit essentially the same clinical re- 
sponse to either agent. In other words, adjustment of dosage of two essentially 
similarly acting compounds should yield a similar maximal renotropic effect, should 
this be desired in clinical practice 

Mode of Renotroptc Action. The modes of renotropic action of these several com- 
pounds appear to be similar. They can be demonstrated to inhibit carbonic anhy- 
drase in vitro, presumably by virtue of their free sulfamy! group. However, they 
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do differ quantitatively in their order of activity. We have listed our own data for 
the several compounds in table HI. Chlorothsazide is 110 to 1 14 as potent as 
acetazolamide. In turn, hydrochlorothiazide is 110 as potent as chlorothiazide 
Saturation of the double bond in the flumethiazide series likewise decreases the 
carbonic anhydrase inhibitory potency by a factor of 10. Both of the erifluoromethy! 
compounds are weaker inhibitors of carbonic anhydrase than are the chloro analogues 

The fact that hydrochlorothiazide ts a more potent saluretic agent in vivo and a 
less active carbonic anhydrase inhibitor in vitro than chlorothiazide has lent some 
support co the supposition that the saluretic effect of these agents may be dissociated 
trom their ability co inhibit that enzyme. On the other hand, the decreased in vitro 
activity is not reflected in either an increase or an appreciable decrease in salureti 
potency as the chlorine atom ts replaced by a trifluoromethyl group. Certainly, 
these seeming differences in degree of carbonic anhydrase inhibitory activity cannot 
be considered to qualify a difference in the mode of action of hydrochlorothtazide 
and chlorothiazide or their crifluoromethy! analogues, in our opinion 

The modes of diuretic action of these several agents, including the chlorodisul 
tamylaniline analogue, appear to be basically the same. Such difference in chlorure 
sis as may obtain between the dihydrobenzothiadiazines and the benzothiadiazine 
series 1s more probably related to differences in the back diffusion of chloride and 
bicarbonate secondary to differences in the distribution of the drugs, rather than to 
real differences in their mode of action. Thus, their effects seem to be additive, in 
sofar as they have been studied, in that the maximal natruretic response to two or 
more of these compounds administered together is essentially the same as could be 
expected from a maximal response to any one of the several agents. These expert 
ments will be reported in full elsewhere. Pitts et al,'* Ford,'’ and Beyer® have pre 
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Fio. 7. Relative oral natrurctic potency of hydrochlorothiazide and chlorothiazide in dogs. Each point 
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TABLE Ill 


In Vitro Carbonic Anhydrase® Inbsbitory Activity 


Molarity to cause $0, inhibition 


Chlorothiazide 1.7X 
Flumethiazide 42x 10 
Hydrochlorothiazide 2.3X< 10 
Hydrotlumethiazide 1.7X 10 
4-Disulfamyl-§-chloroaniline 10 


* Procedure of Philpot and Philpot 


sented data from which it may be concluded that the mode of action of the chloro 


thiazide analogues and that of the organomercurtals are dissimilar 
Antihypertensive Response. The antihypertensive response to chlorothiazide and tts 
analogues appears to be attributable to their effect on clectrolyte excretion or dis 


tribution. Whether or not there ts an extrarenal basis for the action of any of these 
agents is not firmly established, although there 1s some evidence to support such a 
belief. Dustan et al’ are of the opimon that the antthypertensive effect of chloro 
thiazide is due to the reduction in circulating blood volume that attends the diuretic 
response to the agent. They believe that a reduction of blood volume, as induced 
by chlorothiazide diuresis, stimulates vasomotor tonus. Thev consider that under 
these circumstances of oligemic intensification of vasomotor tonus, the response to 
antihypertensive agents that influence adrenergic mediation of vasomotion ts fa 
cilitated (t.e., ganghonic blocking agents, reserpine, hydralazine, and monoamine 
oxidase inhibitors 

It is possible that chlorothiazide influences, either directly or indirectly secondary 
to saluresis), the distribution of sodium and potassium tons on the two sides of the 
cell membrane of particularly the arteriolar smooth muscle. If this were true, tt 
could alter the responsiveness of the muscle to adrenergic strmuli, Beavers and 
Blackmore! and Preziosi et al!’ have reported that large dosages of chlorothiazide 
administered to experimental animals decreased the response to the intravenous 
administration of epinephrine and norepinephrine. In addition, Barrett et al 
have shown that hvdrochlorothiazide, administered intravenously substantial 
amounts, increases slightly the depressor response to hydralazine and to histamine 

Regardless of the mode of action, it seems clear that chlorothiazide and its con 
Zeners are quite capable of lowering blood pressure in many hypertensive persons 
and of increasing the etheacy of most other types of antihypertensive therapy 

fente Toxscity, The acute toxicity of all these compounds ts so low as not to be 
a factor in the determination of their safety. Thus, if suspensions of chlorothiazide, 
hydrochlorothiazide, or their trifluoromethyl! analogues are emploved, one cannot 
give suthcient amounts of the compounds orally to determine an LD (a calculated 
lethal dose for 50 per cent of the animals emploved There ts some difference in the 
acute toxicity values for specific compounds reported by several investigators. This 
difference in absolute values has risen by virtue of technical factors involved in the 


determination of such values 


august 1959 INTERNATIONAL RECORD OF MEDICINE 


te 
| 
| 
4 
122 


In table IV we have presented the acute intravenous toxicity of the sodium salt 
in aqueous solution for cach of the several compounds prepared and handled under 
identical conditions. While there are absolute differences in the acute toxicity, all 
of the compounds have such a high order of LDy values that they cannot be ap- 
proached under clinical conditions. 

The * toxicity”’ of these agents, as seen under conditions of clinical use, has to do 
with their overt pharmacodynamic effect on electrolyte balance, insofar as ts known 
If these compounds are employed without due regard for the effects that they are 
called on to induce, they can cause hypokalemia and, less frequently, hypochloremic 
alkalosis. Under unusual conditions, the compounds may produce a hyponatremia 

Chlorothiazide has been unusually free clinically of toxicity or side effects of the 
compound, per se. It 1s too carly to be assured that the pattern of safety of the 
several other agents will be the same. The chlorodisulfamylaniline could con 
ceivably have a greater propensity to induce allergic hypersensitivity due to the free 
amino group on the aromatic ring moiety. Although the trifluoromethyl! group ts 
chemically stable, it will take some time before it can be established with certainty 
that on chronic administration under clinical conditions, it will be similarly stable 
metabolically. 

Metabolic Disposition. The metabolic disposition of chlorothiazide' and hydro 
chlorothiazide® is better understood than that of the erifluoromethy! analogues 
All of these compounds are well absorbed after oral administration. Their volume of 
distribution and distribution by tissues is such that they have little propensity to 
induce any side effects or pharmacodynamic actions other than the renotropic effect 
on electrolyte excretion 

After intravenous administration, both chlorothtazide and hydrochlorothiazide 
are essentially completely excreted in the urine in a matter of a few hours. Urinary 
recovery after oral administration of either drug to laboratory animals ts 40 to 60 
per cent, bute unchanged drug is excreted in the feces only after tremendous oral 
doses. The urinary recovery after oral administration of low doses of hydrochloro 
thiazide to rats is 40 to 60 per cent, as determined with tritiated hydrochlorothia 
zide.** 

It would appear that the volume of distribution of hydrochlorothiazide ts some 
what greater than for chlorothiazide and that its disposition acutely 1s almost 
entirely by way of the kidney. These points can be deduced from figure 8, wherein 


TABLE IN 


Administered in Solution as the Sodium Salt 


Meute Toxtesty in Mace, 


Intravenous LDw, mg. Ke 


Chlorothiazide 1120 (1040-1200 )* 
Flumethiazide S82 969 
Hydrochlorothiazidc 993 
Hydroflumethiazide 643 §80- 712 


667 810 


* Ninety-five per cent confidence limits 
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Fic. 8. Plasma levels after single intravenous dose of 10 mg. Kg. of (A) chlorothiazide and (B) hydro 
chlorothiazide to nephrectomized dogs. Mannitol ($00 mg. /Kg.) was used as the reference compound 
Slopes Clog concentration /time) were (A) chlorothiazide, 0.94; mannitol, 0.07; (B) hydrochlorothiazide, 
0.28; mannitol, 0.13 


its falling plasma curve in a nephrectomized dog is compared to that for chloro- 
thiazide in a similar preparation. It will be noted that the absolute value for the 
plasma concentration after administration of 10 mg. Kg. doses of the two compounds 
is lower for hydrochlorothiazide. On the other hand, the slope of the chlorothiazide 
curve is much greater, reflecting the greater hepatic elimination of the latter 
compound 

The renal clearances of hydrochlorothiazide and chlorothiazide are essentially 
the same, both compounds being rapidly secreted by the renal tubules in addition 
to their clearance by way of glomerular filtration. It ts difhcult to ascertain from 
presently available data whether there is a real difference in the duration of action 
of chlorothiazide and hydrochlorothiazide. Such comparisons as have been made 
by Barrett ct al® indicate a longer duration of action when hydrochlorothiazide was 
administered to dogs at the same absolute dosage as for chlorothiazide. They pro- 
vided no data that would permit one to determine the relative duration of action of 
the two compounds when administered at equally potent dosages. However, if 
the volume of distribution for hydrochlorothiazide ts greater than for chlorothia- 
zide, as the data of Sheppard ct al®* and our own (fig. 8) indicate, hydroc hlorothiazide 
may have a slightly longer duration of action due to its rate of redistribution 

In studies of the urine of animals receiving chlorothiazide, we have not been 
able to demonstrate any degradation products or any conversion to hydrochloro- 
thiazide such as was suggested, but not demonstrated, by Richterich.*'! On the 
other hand, 1 ts posstble to demonstrate the presence of chlorodisulfamylaniline in 
the urine of patients or dogs that have received hydrochlorothiazide 

The trifluoromethyl! group ts relatively new to pharmacology. Its pharmacody 
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namic equivalence to other halogen substitutions ts well established in these benzo- 
thiadiazine analogues. No metabolic studies on the trifluoromethyl group have 
been reported in the literature; it might be presumed to have the same stability char 
acteristics in man that it has in che chemical laboratory 


SUMMARY 


In general, the pharmacology of chlorothia’ ide and its available analogues repre 
sents differences in degree rather than kind. Although the maximal renotropi 
effects of these agents are essentially the same, wherein they have been studied care 
fully, their increasing order of ‘* potency’’ may be represented as chlorodisulfamy! 
aniline, flumethiazide, chlorothiazide, dithydroflumethiazide, dihydrochlorothiazide 

Like chlorothiazide, all these agents increase the renal excretion of sodium and 
chloride predominantly. Their lesser kaluretic effect does not differ importantly 
with cach drug. They are well absorbed when administered orally, they are fairly 
rapidly excveted by the kidney, and their distribution in the body is such as to 
minimize side effects that might otherwise be anticipated from their in vitro car 
bonic anhydrase inhibitory effects 

Chlorothiazide has been so widely employed in general practice as to have estab 
lished a remarkable record for safety. The most frequent noteworthy side effects 
of it or of the less well-established compounds are attributable to the overt reno 


tropic effects of these agents 
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Numerous disease syndromes are associated with abnormal sale and water re 


tention by the kidneys. Compounds that block renal tubular reabsorption of salt 


and water reverse this process and improve symptoms associated with these syn 


dromes. It 1s the purpose of this communication to review pertinent factors related 


to the use of diuretics in the therapy of numerous diseases 


PHYSIOLOGY OF WATER AND ELECTROLYTES 


The renal regulation of water excretion takes place on a background of interrela 


tionships with metabolism of sodium and other clectrolvtes. Alterations in sodium 


excretion have a marked effect on water excretion, and vice versa. It would appeat 


that the primary stimulant to sodium excretory regulation arises in the extracellular 


fluid volume 
Probably the most universal concept of body fluid distribution is the product of 


the hypothesis of mr/rew mtérreur ot Claude Bernard and the hypothesis of homeostasis 


of Walter Cannon, The concept thus indicates that the cell 1s bathed in the extra 


cellular fluid that acts as the environment of the cell, The plasma fluid in turn ts, 


for practical purposes, extracellular fluid in contact with thuid-conservation mech 


anisms. Thus, the extracellular clectrolvtes are the same as in the plasma I his 


concept usually considers a more or less static state of equilibrium between the 


intracellular fluid and the extracellular space. Such a concept appears now to be 


quite erroncous, and as we gain additional information, it appears that there ts a 


verv kinetic and continuous exchange of fluids and electrolytes between the intra 


cellular and the extracellular spaces. For example, a patient with ascites may com 


pletely exchange the ascitic fluid five or six times a day 
It appears that the adrenal corticoids not only affect the kidnevs but also have a 


direct effect on the exchange of water and clectrolytes between the intracellular 


phase and the exeracellular phase. This process ts brought about by alteration of 
metabolic activity of the cell. However, the primary response in water exchange 


between these phases 1s secondary to clectrolvte shift, and the concentrations in the 
extracellular phase are largely regulated by the kidney. Thus the body can be looked 


on as a continuous fluid medium in which two principle constituents of solutes can 


be discerned: an intracellular phase and an extracellular phase separated by a semi 


permeable cell membrane through which fluid and electrolytes continually migrate 


Phe composition of the extracellular phase remains rather unitorm, consisting mostly 


ot sodium cations balanced by chloride and bicarbonat« Phe intracellular fluid 


composition varics somewhat from time to time but contains primarily potassium, 


sodium, and magnesium cations balanced by phosphate, chloride, and protein anions 
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Solutes that traverse cell membranes freely elevate the osmotic pressure on both 
sides of the membrane equally and hence cannot promote any transfer of water 
For example, the total osmotic pressure of the extracellular fluid may he greatly 
increased owing to the accumulation of large amounts of urea, but no exchange of 
water between cells and extracellular fluid occurs because urea can diffuse through 
cell membranes without restraint. In contrast, substances that do not penetrate 
cell membranes freely and are concentrated on the extracellular side of the cell mem- 


brane clevate the osmotic pressure on one side of the membrane only, and thereby 


determine the distribution of water across it. Potassium ts concentrated in the intra- 
cellular phase and sodium its concentrated in the extracellular phase. Such poorly 
diffusible solutes are said to exert an effective osmotic pressure. By contrast to solute 
composition at equilibrium, the osmotic pressure appears to be similar in the intra- 
cellular and the extracellular phases duc to free migration of water across the mem- 
brane until a state of osmotic equilibrium ts attained 

If the effective osmotic pressure of extracellular fluid rises because of the addition 
of sodium salts, water will be withdrawn from cells, causing their volume to con- 
tract and their osmotic pressure to rise, at the same time, the volume of extracellular 
fluid will expand and its osmotic pressure will fall until a state of equilibrium is 
reached. Similarly, if sodium sales are removed from the extracellular fluid, water 
will move into cells, expanding their volume and lowering their osmotic pressure 
Thus the osmotic pressure of the extracellular compartment will rise and its volume 
will fall. In both instances, the transfer of water will stop when osmotic uniformity 
has been re-established. 

The kidneys are largely responsible for maintaining the volume and composition 
of body fluids. There are several coordinated mechanisms responsible for this renal 
regulation 

Water Balance. The maintenance of a nearly constant volume of water in the 
several fluid compartments of the body 1s largely controlled by the antidiuretic hor- 
mone ADH), but other hormones are also involved. Available evidence indicates 
that most of the glomerular filtrate ts returned to the peritubular blood from the 
proximal tubules by simple diffusion. More than 99 per cent of the remainder of the 
filtered water may be reabsorbed in the distal tubule by an active process. This 
latter mechanism makes it possible for the kidney to return water to the circulating 
blood against an osmotic gradient and requires ADH to function, 

The secretion of ADH 1s regulated by changes in concentration of sodium chloride 
in the extracellular fluid and therefore in the plasma. Osmoreceptors are located in 
certain of the blood vessels supplying the brain. Hydration of sufficient degree to 
reduce only slightly the plasma sodium chloride causes the osmoreceptors to swell, 
which reduces the output of ADH. This results in an increased output of water 
with little change in salt excretion. The extra water ts thus eliminated. Under 
normal conditions, water intake usually exceeds requirements and a balance ts 
maintained by renal excretion of the surplus. The renal re-establishment of an 
isotonic plasma after excessive water intake 1s then largely duc to the functional 
linkage between the neurohypophysis and the kidneys. 

During a period of dehydration, a converse chain of events takes place. If water 
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is withheld, the extracellular fluid becomes hypertonic since water is lost through 
the urine, lungs, and skin without a parallel sale loss. The osmoreceptors respond 
by stimulating the neurohypophysts to secrete increased amounts of ADH. As this 
hormone accumulates in the cells of the renal tubules, the kidnevs conserve water 
by secreting a more concentrated urine. However, compensation cannot be effected 
during water deprivation because unavoidable water losses continue through the 
skin, lungs, and the minimum urine volume necessary to excrete waste products 

Electrolyte Balance. Normally, sodium chloride balance ts maintained by the 
kidneys in a manner similar to the maintenance of water balance. Average datly 
intake exceeds requirements and the excess ts excreted in the urine. The body con 
serves sale much more ethciently chan water. We have seen that it neither food not 
water is ingested, water depletion ts the dominant picture. It water alone is ad 
ministered, it requires a considerable pertod of time in the absence of abnormal salt 
loss before serious depletion occurs. The kidneys practically cease to excrete salt 
under these conditions. To matntain a constant sodium chloride concentration in 
the extracellular fluid requires that the urine may sometimes contain more than, 
less than, or an equivalent amount of salt as the plasma 

Of the sodium present in the glomerular filtrate, about 85 per cent ts said to be 
reabsorbed by the cells of the proximal tubule. Since a similar amount of water ts 
absorbed by this segment of the nephron, the fluid of the proximal tubule is thought 
to remain tsotonic or slightly hypotonk The glomerular tilerate ts presumably a 
fluid of the same electrolyte composition as extracellular fluid, which ts in equilibrium 
with cell fluid. Because of the absence of a favorable osmotic gradient, it may be 
inferred that the transfer of sodium from tubular fluid to the tubule cells in the 
proximal tubule ts an active process involving the expenditure of energy. Water 
then follows passively due to osmotic pressure difference between intratubular and 
peritubular fluids, which have been established by prior reabsorption of solutes 
In the distal tubule, active reabsorption of water occurs under the influence of ADH 
There are also proponents of the theory that a mechanism exists for the active re 
absorption of sodium activated by adrenal cortical steroids in this segment. Some 
confusion has been created by the extensive studies with desoxvcorticosterone, a 
synthetic compound that probably has no physiological counterpart. One important 
difference between desoxycorticosterone and adrenal cortical exeract is that the 
former is salt-retaining at all levels of plasma sodium. On the other hand, cortical 
extracts are salt-retaining at low plasma levels of sodium, but may actually increase 
the output of salt when the plasma sodium concentration ts clevated 

Recently, work has indicated the existence of ton-exchange mechanism in the 
cells of the renal cubules that are involved in the reabsorption of sodium. Hydrogen, 
potassium, and ammonium tons are believed to be secreted into the tubule lumen in 
exchange for sodium tons. The location in the nephron and the control of these 
exchange mechanisms have not been established 

The recent discovery that the adrenal venous blood of mammals contains a steroid 
that is many times more potent than desoxycorticosterone in controlling renal 
electrolyte excretion resulted in the tsolation and identification of aldosterone. It 
Is approximately 30 times more potent than desoxvcorticosterone as a salt-retaining 
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hormone. Although hydrocortisone may be present in larger amounts in adrenal 
venous blood of dog and man, aldosterone has a dominant action on electrolyte ex- 
cretion because of its greater potency. There 1s evidence to indicate that its secretion 
varies according to requirements for clectrolyte balance. In normal men, sodium 
restriction increases the output of hormone and reduces urine sodium. After resump- 
tion of a normal sodium intake, the excretions of both hormone and sodium return 
to control levels 

Although the mechanism that controls the release of aldosterone is uncertain, the 
concentration of sodium in the extracellular fluid, the concentration of potassium, 
and blood volume have all been implicated. Unlike the other cortical steroids, the 
release of aldosterone appears to be independent of corticotropin ACTH 

It is commonly stated that the cortical hormones and ACTH, through its influence 
on cortical hormone secretion, cause a renal retention of sodium and water and a 
loss of potassium. Actually, these hormones may decrease the clevated plasma 
potassium level after adrenalectomy of animals without increasing urinary excretion 
of this ton. Such observations indicate that cellular shifts of potassium as well as 
a decreased rate of excretion are involved in the hyperkalemia of adrenal insuthciency 
Nevertheless, cortical hormones are cflective in promoting potassium excretion and 
may even produce hypokalemia. 

The Effect of Renal Hemodynamics on Sodium Excretion. Interest in the relationship of 
hemodynamic factors on sodium and water excretion was aroused by the postulate 
that sodium retention in edema of heart failure may result from a decrease in cardiac 
output. This in turn would reduce renal blood flow and glomerular filtration rate 
The lower volume of filtrate and hence sodium presented to the tubules under these 
conditions was thought to result in more complete reabsorption. There is ample 
evidence that acute reductions in blood pressure may be associated with a decrease 


in glomerular filtration rate, urine volume, and sodium excretion, in both animals 
and man. These changes occur from hemorrhage or drug-induced hypotension 
Conversely, clevation of blood pressure from a hypotensive to a normotensive level 
by infusion of a vasoconstrictor agent usually results in improvement in renal func- 


tions, including the rate of water and sodium excretion 

These results should not be taken to indicate that change in glomerular fileration 
rate ts an important regulatory mechanism for sodium and water excretion. On the 
contrary, changes in active reabsorption of water and sodium in the renal tubules 
appear to be the important mechanisms for maintaining a constant volume and 
composition of body fluids. Conditions associated with a chronic reduction in 
glomerular filtration rate, such as hypophysectomy in dogs and various causes in 
man, are not necessarily associated with an abnormal fluid and clectrolyte balance 

It is quite obvious that compounds that block reabsorption of sodium and other 
electrolytes in the renal tubules will be the most effective agents for treating the 
various syndromes associated with edema due to salt and water retention. This ts 
the place of diuretic therapy! 


DIURETIC THERAPY 


Diuretic agents, as important as they may be, are only one aspect of the treatment 
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of patients with abnormal sodium and water retention. The use of diuretics ts 
not a curative measure, but rather these agents improve only the symptoms asso 
ciated with edema formation, Consequently, when possible, the basic physiological 
detect should be corrected. With the advent of potent and safe diuretics, attention 
has been directed more and more toward the defective excretion of sodium. Since 
renal retention of sodium and water ts a secondary effect, therapy should be aimed 
at the primary disease when this ts possible. Diuretics are indicated when these 


more direct measures fail 

Collateral Therapy. In advanced cardiac failure, exercise reduces the glomerular 
fileration rate below a critical level and this may contribute to the renal retention 
ot sodium and water. Increasing the glomerular filtration rate or reducing tubular 


reabsorption of sodium and water will correct this tendency toward fluid accumula 


tion. Some improvement in renal functions may occur with bed reste. Glomerular 


filtration rate ts highest when the patient is supine and decreases as the upright 


position ts assumed. Continued exercise tends to produce a progressive reduction 
in glomerular filtration. Aside from reducing the burden on the heart, the improve 


ment in renal function frequently observed during bed rest ts a valuable therapeutic 


adjunct for patients in heart failure. In noncardiac edema, complete bed rest ts 


rarely indicated 
Bed rest for the treatment of heart failure should be viewed as a temporary measure 
only, since many secondary physiological alterations tollow prolonged bed contine 


ment. Nevertheless, restricted physical activity should be advised as a permanent 
measure. Once heart failure has developed, it 1s rare that cardiac function returns 


entirely to normal, irrespective of the etiology of the disease or the therapeutn 
program instituted. Moreover, the more frequently and more severely a patient 


decompensates, the more difhcult it is to improve cardiac function to a condition 


even approaching normal 

Sodium chloride intake should also be given primary consideration in patients 
with edema. Water intake ts of little importance so long as sodium intake ts rigidly 
restricted. In fact, a large urinary volume tends to promote an increase in sodium 
excretion. When a patient has had a low salt intake for a period of time, the body 
becomes relatively depleted of sodium. Consequently such patients are quite vul 


nerable to excessive sodium loss such as may occur in diarrhea or vomiting 
Potassium deficiency is another complication of diuretic therapy. Digitalis toxicity 
may be precipitated by hypokalemia. Clinically, extreme muscle weakness, cardiac 
irregularities, and abdominal distention are clues that should lead to the diagnosis 
Should potassium deficiency occur, oral potassium chloride in a dosage of 2 to 5 


Gm. datly ts indicated 


ENTITIES 


SUMMARY OF DIURETIC THERAPY FOR SPECIFIC DISEASE 


Congestive Heart Fatlure. Since the primary detect in congestive heart failure ts 


inadequate cardiac output, every effort should be made to restrict the patient's 


activities. The judicious use of a cardiac glycoside is indicated before a diuretic ts 


given 
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Diuretics may be employed as follows: 

1. A parenteral mercurial diuretic should be given initially when heart failure is 
severe, ¢.g., meralluride, 2 cc. intramuscularly, or mercaptomerin, 2 cc. subcutane- 
ously, daily for three to five days until gross edema has disappeared. 

2. Chlorothiazide,* 1000 mg., may be given every 8 to 12 hours after the emer- 
gency is controlled. The dosage is gradually decreased to the minimally effective 
dosage that will control the edema, but no less than 250 mg. daily should be given. 

3. Chlormerodrin, 4 to 8 tablets daily, may be given for maintenance of the 
edema-tree state if the response to chlorothiazide 1s not adequate. 

4. When heart failure is mild, compensation may also be maintained with ace- 
tazolamide or ethoxzolamide, 250 mg. daily for three consecutive days of each week. 
In moderate to severe heart failure, acetazolamide (or ethoxzolamide ) will rarely be 
adequate for maintenance therapy. Chlorothiazide (500 to 1000 mg. twice daily 
or chlormerodrin (1 to 2 tablets after cach meal and at bedtime) must be used if the 
oral route of drug administration 1s to be employed in such cases. Otherwise, paren- 
terally administered mercurial agents must be given in adequate dosage (1 to 4 cc 
and as frequently as necessary to maintain the edema-free state and full cardiac 
compensation 

Premenstrual Edema. Edema ts not marked in this condition but the symptoms may 
he annoying. The following prophylactic treatment may be used: On the last five 
to seven days of the menstrual cycle, with the onset of subjective tension, place the 
patient on a low-sodium diet. Also administer chlorothiazide in a dosage of $00 
mg. twice a day (or hydrochlorothiazide in appropriate dosage ), or 250 mg. of ace- 
tazolamide (1 tablet) daily, or 4 to 8 tablets of chlormerodrin daily 

Edema of Pregnancy. Since pre-existing discase may be responsible for edema in 
this condition, a close medical survey must be completed. Therapy may be sum- 
marized as follows: (1) At first sign of edema, place the patient on a low-sodium 
diet. (2) It edema ts not controlled by dict alone, administer 4 to 8 tablets of chlor- 
merodrin daily or chlorothiazide, 500 mg. twice daily (or hydrochlorothiazide in 
appropriate dosage), or 250 mg. of acetazolamide every other day if edema ts not 
marked 

Nephrots: Syndrome. Multiple factors are operative in this condition and include 
excessive urinary protein loss, decreased glomerular filtration, and increased tubular 
reabsorption of sodium, The treatment may be summarized as follows: (1) bed 
rest, (2) low-sodium diet; (3) chlorothiazide, 500 to 1000 mg. twice daily (or hydro- 
chlorothiazide in appropriate dosage ), (4) if these procedures do not control edema 
in one week, a seven-day trial of hydrocortisone may be instituted; chlorothiazide ts 
started on the last day of hydrocortisone therapy, (5) if there ts no response to this 
therapy, administer 100 mg. of salt-poor human albumin intravenously every other 
day, this ts an expensive procedure, (6) finally, parenteral mercurials may be tried if 
edema ts severe and unresponsive to chlorothtazide 

Hepatic Disease. Since the edema associated with liver disease frequently originates 


* Hydrochlorothiazide can be used interchangeably but in a dose ratio of 110, 1.¢., 1 mg. of hydrochloro- 


thiazide is equivalent to 10 mg. of chlorothiazide 
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from inadequate protein formation with reduction in blood protein osmotic pressure, 
the underlying liver disease should be attacked therapeutically. However, other 
factors such as decreased hepatic inactivation of salt-retaining steroids may be 
treated by agents acting to block the renal tubular reabsorption of sodium. An out- 
line of treatment of the edema of hepatic disease follows: (1) low-sodium diet, (2 
chlorothtazide, 1000 mg. twice a day (or hydrochlorothiazide in appropriate dosage ), 
3) in the presence of significant hypoalbuminemia (serum albumin less than 2 Gm 
100 cc.), use salt-poor human albumin, 100 Gm. intravenously every other day, 
to achieve diuresis; the expense may be a contraindication here, (4) if inadequate 
response to intravenous albumin or chlorothiazide or hydrochlorothiazide ts ob 
tained, meralluride in a daily dosage of 2 cc. intramuscularly may be tried, (5) after 
massive edema is controlled, chlorothiazide or chlormerodrin may be used for 
maintenance 

Iatrogenic Steroid Edema. \n the treatment of certain severe diseases, excessive 
dosages of ACTH, cortisone, or prednisone may be required. When sodium retention 
and edema become a problem, it is preferable to discontinue the steroid, but this ts 
not always possible. The edema can usually be controlled by daily administration of 
chlorothiazide in a dosage of 500 to 1000 mg. every eight hours (or hydrochloroth: 
azide in appropriate dosage), or chlormerodrin in a dosage of 2 tablets four times a 
day. If these agents are not adequate when given alone, they should be used in 


combination 


The latest advances in Pediatrics 
The most complete data on the latest advances in pediatrics, in 
cluding a critical survey of all important new contributions in 
this specialty, is presented in 


QUARTERLY REVIEW OF PEDIATRICS 
Edited by Irving J. Wolman, M.D., with the assistance of an 
Editorial Board comprising many of the leading pediatricians in 
the United States, Latin America, Europe, and other areas of 
the world. 
The REVIEW provides a continuous seminar on all aspects of 


pediatrics, including metabolic and systemic disorders, infections, 
surgery, public health, nutrition, and psychology 


Published quarterly by: 
MD PUBLICATIONS, ING., 30 East 60th Street, New York 22, N.Y. 


Subscription rates, including a cumulative cross reference index: 
1 year, $11.00; 3 years, $28.00 
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Ralph V. Ford, M.D 
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THE VETERANS ADMINISTRATION HOSPITAL 


HOUSTON, TEX 
INTRODUCTION 


The use of benzothiadiazine compounds as diuretic agents has greatly facilitated 
the therapy of edematous states of varied etiology. An additional valuable use for 
these compounds has been in the therapy of hypertension, and the utility of the 
various compounds in this area appears to be proportional to their potency as diuretic 
agents 

It shall be our purpose to summarize pertinent clinical pharmacological information 
concerning four representative compounds: chlorothiazide, hydrochlorothiazide, 
flumethiazide, and dihydrotlumethiazide. Their structural formulas are presented 


in figure | 


POTENCY ESTIMATION 


Using previously described techniques for the bioassay of diuretic agents,' which 
rely on the ability of the diuretic to enhance the urinary sodium excretion under 
controlled metabolic conditions, appropriate dosage response curves can be drawn 
for the various diuretics and calculations of potency estimations can be made.' ‘ 
The reference, or standard, diuretic ts meralluride (administered intramuscularly 
and its dosage response curve is termed ‘‘one.’" The appropriate positions of the 
four diuretic compounds under consideration are illustrated in figure 2. It is to be 
noted that the two-dose curve has been selected. Although the mg. dosage of drug 
varied among these compounds, the increase in sodium excretion falls within an 
observable range. Thus, such data relating to comparative potency estimations are 
clinically significant. That hydrochlorothiazide ts 10 to 20 times more potent on a 
mg. basis than chlorothtazide may be of only academic interest. However, the fact 
that it ts capable of producing a greater increase in sodium excretion may be of value 


to the patignt with a more severe degree of edema 


ELECTROLYTE EXCRETION EFFECTS OF BENZOTHIADIAZINE DIURETICS 


In view of the gross chemical similarity of these four thiazide derivatives, one 
would expect similar clectrolyte excretion effects. The primary effect of these com- 
pounds ts to augment the urinary excretion of sodium by the partial inhibition of 
the reabsorption of sodium in the renal tubule. This effect is paralleled by a change 
in chloride excretion, There is a mild inhibition of the cubular reabsorption of 
potassium and bicarbonate observed after the administration of all these compounds 


\ 


HYDROCHLOROTHIAZIDE DIHYDROFLUMETHIAZIDE 
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Fico. | Structural formulas of benzothiadiazing Compounds 


These changes are accompanied by a slight increase in urinary pH during the height 


of diuretic activity. All these changes are accompanied and paralleled by an increase 


in urine volume 

There are certain minor differences in these four compounds fig. 3 A critical 
examination of these data indicates that the hydro compounds produce a greater 
degree of sodium excretion without a proportional increase in potassium excretion 
The sodium: potassium ratio will be increased with these compounds. This may 
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Fic. 2. Dosage response curves of various thiazide compounds as compared to the standard merall 
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Fic. 3. Comparativ« urinary clectrolyte excretion effects of various thiazide diuretics 
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have clinical implications in that the tendency toward a clinical syndrome of hypo- 
kalemia would be less likely at comparable diuretic responses. It 1s to be noted 
further chat this discrepancy in the sodium: potassium ratios ts even more pronounced 
when the trifluoromethyl! compounds are compared to the chlorothiazide compounds 
Thus, there ts a relatively greater excretion of sodium compared to potassium in 
these compounds than with chlorothiazide and hydrochlorothiazide. These changes 
are also associated with relatively less excretion of bicarbonate and less of an increase 
in pH with the erifluoromethy! compounds 


THE BPFRCTS OF CONTINUOUS USE OF THI 


BENZOTHIADIAZINE DIURETICS 


In contrast to other diuretic agents (carbonic anhydrase inhibitors and aminouraci! 
compounds), these drugs are repetitively effective on continuous daily adminis 
tration in their ability to augment the urinary excretion of sodium until excessive 
body stores of sodium have been depleted. Although there is a tendency toward 
the development of hypochloremic alkalosis, these changes do not become significant 
unless there 1s rigid salt restriction or the drug ts continuously used after the thera 
peutic indication has subsided (fig. 4 


SUMMARY 


The clinical pharmacology of benzothiadiazine derivatives as diuretic agents has 
been presented in terms of their relative potency and their relative effects on the 
urinary excretion of certain electrolytes, the clinical implications of these changes 
have also been noted 
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Report on Hospitalization Survey 


A recent report by the U.S. National Health Survey estimates that approximately 
16,738,000 people spent 143,322,000 days as patients in hospitals during the year 
ending June 30, 1958. About 70 per cent were hospitalized tor a period of one to 
seven days, and another 18 per cent for 8 to 14 days. Roughly 60 per cent of hos 


pitalizations involved surgery and obstetrics 
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INTRODUCTION 


The introduction of chlorothiazide as a potent oral diuretic and antihypertensive 
agent has been a hallmark in therapeutic advancement and a stimulus for investi- 
gation of edema mechanisms and the pathophysiology of essential hypertension 
Since the report of Novello and Spraguc,' a number of derivatives of the benzothi- 
adiazine group have been evaluated for clinical effectiveness and possible toxic effects. 

Chlerothiazide has received wide acclaim as an efficient, nontoxic diuretic agent 
and its pharmacodynamics have been described in detail previously.” Chlorothiazide 
has its predominant action on sodium and chloride excretion and lesser effects on 
the potassium and bicarbonate ions. The oral administration of chlorothiazide 
results in diuretic activity within two hours, enduring for 6 to 12 hours, and the 
drug remains effective on continuous daily administration. The intravenously ad- 
ministered drug is rapidly excreted, and therefore, oral doses are more effective tor 
total 24-hour natruresis. An oral dosage of slightly more than 1000 mg. ts equiva- 
lent in potency to 1 ml. of meralluride administered intramuscularly. Significant 
natruretic activity appears with a dosage of 250 mg. and progresses up to a maximum 
effective’ dosage of 2000 mg. Dosages greater than 2000 mg. have no greater natru- 
retic effect. Toxicity has presented only minor problems to date and usually has been 
manifested by minor gastrointestinal symptoms such as anorexia and nausea, fre- 
quently in the older age group. Occasional rashes of various forms have been seen 
as well as a rare case of thrombocytopenia, which improve after withdrawal of the 
drug 

The urinary electrolyte excretion pattern with chlorothiazide ts shown in figure | 
Sodium excretion ts effected maximally and the effect on chloride excretion ts nearly 
equivalent to that on sodium. Potassium excretion varies up to 50 per cent of the 
total sodium excreted. The urinary clectrolyte excretion pattern of the parenteral 
mercurial (meralluride) ts also shown in figure 1. The patterns are quite similar 
but potassium excretion is less with meralluride 

Chlorothiazide has no significant influence on renal plasma flow or glomerular 
filtration rate with oral administration, and its diuretic effect is through blockade 
of reabsorptive (enzyme ).mechanisms at the renal tubular level. A greater carbon 
anhydrase inhibiting effect is demonstrated at the higher dosage levels and increased 
potassium excretion is noted with larger dosages. Electrolyte imbalance, particu- 
larly sodium and potassium deficiencies, may occur with this agent as with any other 
potent diuretic, whether it be a benzothiadiazine derivative or a mercurial. These 
deficiencies do not appear to have produced a major clinical contraindication to the 


use of chlorothiazide if close patient observation is maintained 
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PLACEBO CHLOROTMIAZIO’N MER AL. URIDE 

tem bid orelly 2ecim 
Fio. 1. Electrolyte excretion patterns of chlorothiazide and meralluride. The patterns are quite similat 


except that there is less potassium excretion with the mercurial 


Clinical experience indicates that a $00 mg. dose of chlorothiazide administered 
twice a day appears to be therapeutically adequate for controlling most cases of 
congestive heart failure. The degree of failure obviously will influence the main- 


tenance dosage necessary to prevent accumulation of edema and the congestive 
failure symptoms. Chlorothiazide has also produced efficient results with edema 
associated with other pathological states such as hepatic disease, renal edema, and 


the edema of premenstrual tension and toxemia of pregnancy. The combined use of 
chlorothiazide and a mercurial diuretic may give additive effect in certain cases of 
edema that are less responsive to therapy. 


OTHER BENZOTHIADIAZINE DERIVATIVES 


The advancement that has been made in the therapy of edema with chlorothiazide 
has prompted active investigation of derivatives of the benzothiadiazine structure 
Small changes in the basic structure of other groups of compounds have produced 
rather marked increase in potency and decrease in side effects 

A review of our experiences with three other benzothiadiazine derivatives ts 


presented (fig. 2 


™,NO,S YQ ™,NO,S 
$0, SO, 
CHLOROTHMIAl OF MY OROCH. OROTHIATIDOE 
NM 
cr, New, 


H,NO,S F 
Oe 
FLUMETHIAZIORN 


Structural formulas of four benzothiadtazine derivatis 


PHARMACOLOGY OF THIAZIDE DERIVATIVES Fuchs and Mallin 


a 

\ 

N : 

Ny 

CL cw cu Non, 

139 


erghe loss, Ib. 


Dosage 


Fic. 3. Dose response curve as determined by weight loss in pounds in 48 hours in a group of cardiac 
patients given increasing dosages of trifluoromethylthiazide. The maximum eticctive dosage 1s 2000 me 
Dosages greater than 2000 mg. have no increased effectiveness. (Reprinted with permission from Fuchs 


ex al. 


FLUMETHIAZIDE 


Clinical Study. Tritluoromethylthiazide differs from chlorothiazide by replacing 
the chloride atom on the benzene ring by a trifluorinated methyl! group (fig. 2 

This drug can be administered orally and intravenously with minimal side effects 
as with chlorothiazide 

A dose response curve was determined in the outpatient clinic by measuring the 
acute weight response in 48 hours in a group of cardiac patients to increasing dosages 
of the drug.* ' The patients were free of diuretic therapy between cach dose of the 
drug for at least five days and were on maintenance digitalis therapy. The dose 
response curve is presented in figure 3. The effective dosage range increases above a 
200 mg. dosage to a maximum effective dosage of 2000 mg. Increasing dosages 
greater than 2000 mg. have no additional effectiveness. The maximum effective 
dosage of flumethiazide and chlorothiazide is the same, as determined by the acute 
weight loss experienced in 48 hours in the group of patients studied 

A chronic study in a group of 18 cardiac patients given 1000 mg. twice daily tor 
tive weeks resulted in an average weight loss of 1.2 Ib. at the end of the study. These 
patients remained free of congestive failure symptoms and did not require additional 
mercurial diuretic therapy. There was no significant change. in blood pressure in 
this group of patients but all but 1 were normotensive. Side effects were minimal 


and consisted of transient pruritus in 3 patients It was not necessary to stop the 
drug at any time. Serum electrolyte concentrations, including sodium, potassium, 
chloride, blood urea nitrogen, carbon dioxide combining capacity, and complete 
blood counts, were not significantly affected at the end of the five-week study 

Dose Response Curve and Electrolyte Studies. A sodium excretion dose response curve 
is shown in figure 4. This dose response curve is similar to the curve seen with 
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Fic. 4. Sodium dose response curve of flumethiazide. Onset of significant natruretic activity occurs at 
a dosage of approximately 200 mg. and progresses to a maximum effective dosage of 2000 mg. (Reprinted 


with permission from Fuchs ct al.* 


chlorothiazide.* Natruretic activity appears at the 200 mg. dosage and rapidly 
increases with larger dosages to the 2000 mg. level. Dosages greater than 2000 mg 
do not have a greater saluretic effect. In figure 5, a dose response curve of the 24 
hour urine potassium excretion is shown, Again, activity appeared to become 
prominent at the 200 mg. dosage level but further significant rise in potassium ex 
cretion was not found with dosages greater than 400 mg. With chlorothtazide, 
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Fic. $. Dose response curve of. potassium excretion with increasing dosages of flumethiazid There is 
significant activity at 200 mg. with little increase in potassium excretion at dosages above this level 


Reprinted with permission from Fuchs ct al.* 
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Fico. 6. Effects of oral flumethiazide on sodium excretion. The broken lines indicate observations on 


each individual patient and the heavy lines represent the mean average for all patients 


greater potassium excretion ts stumulated at the high dosage levels, where carbonic 
anhydrase inhibitory activity 1s greater. 

Renal Studies. There was no change in renal plasma tlow, glomerular fileration 
rate, or blood pressure in a group of patients given an 800 mg. dose of flumethiazide 
orally.°. * An increase in sodium excretion ts noted during the second hour after 
administration of flumethiazide and natruretic activity persists for more than six 


hours (fig. 6). Urine volume increases during the first hour of study and parallels 


the saluretic activity (fig. 7 
When flumethiazide ts administered to nonedematous cardiac patients, there is an 
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Effects of oral flumethiazide on urine volume. See legend, figure 6 
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increased sodium excretion lasting several days, which then falls to control excretion 
levels. Return of the 24-hour urine sodium excretion to control levels probably 
implies a state of relative sodium depletion and the clinical state of “dry weight'’s 
and cardiac compensation. 


HYDROCHLOROTHIAZIDI 


Clinical Study. Wydrochlorothiazide differs from chlorothiazide by the addition of 
two hydrogen atoms to the one unsaturated bond in the heterocyclic ring | fig. 2 
What would appear to be an apparently simple change in the basic chemical 
structure of chlorothiazide results in rather marked changes in the potency and 
qualitative aspects of electrolyte excretion patterns with hydrochlorothiazide. A 
dose response curve determined by acute weight loss in 48 hours on increasing dosages 
of hydrochlorothiazide in 20 cardiac patients is shown in figure 8. There ts in- 
creasing effectiveness up to a maximum effective dosage of 200 mg. Dosages greater 
than 200 mg. had no increased effect on weight loss in this group of patients.’ 
The continuous administration of 200 mg. of chlorothiazide daily to 20 cardiac 


patients for five weeks produced no significant side effects, and no patient had symp- 
toms of marked clectrolyte imbalance. All patients remained free of congestive 
failure complaints and did not require additional mercurial diuretic therapy. These 


patients had required a mercurial injection weekly prior to the study. Serum elec- 


trolyte concentrations at the end of the chronic five-week study showed an average 
drop of 5 mEq. ‘liter for sodium and potassium. The blood urea nitrogen rose an 
average of § mg. 100 ml. In 9 patients there was a rise in blood urea of 5 mg. 100 
ml. or more. The blood urea rose in 16 of 20 patients studied and was at a lower 


concentration in 4 of the patients at the end of the five-week study period. There 


appeared to be no significant influence on the serum potassium or carbon dioxide 


concentrations, and blood counts remained unchanged 
Dose Response Curve and Electrolyte Studies, Electrolyte response curves tor sodium, 
potassium, and chloride to increasing dosages of hydrochlorothiazide are shown in 


figure 9. A significant increase in electrolyte excretion starts at the 25 mg. dose level 


and increases to a maximum at the 200 mg. dose level. This would appear to be the 


maximum effective dosage for sodium excretion, and no further significant increase 
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Fig. 8. Weight loss in 48 hours with increasing dosages of hydrochlorothiazide in 20 cardiac patients 
A maximum weight loss was obtained with 100 mg. twice daily and no ercater weight loss was obtained 
with larger dosages Reprinted with permission from Fuchs ct al 
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Fic. 9. Dose response curves for sodium, potassium, and chloride with increasing dosages of hydro- 


chlorothiazide. (Reprinted with permission from Fuchs et al.” 


in excretion is produced with a dosage larger than 200 mg. There is a 10 to 1 ratio 
in the dosage range between chlorothiazide and hydrochlorothiazide. The chloru- 
retic response is noticeably larger than the natruretic response, and the potassium 
excretion ts approximately one half that of the sodium (fig. 10). Potassium response 
increases progressively up to the maximum effective dosage as opposed to a stable 
response at the higher dosage levels with flumethiazide. 

When a single dose of hydrochlorothiazide is given, there is a noticeable increase 
in sodium and potassium excretion apparent in two hours, with a duration of ac- 
tivity for 12 hours or more and then a return to control levels. Doses administered 
twice daily result in a significant increase in sodium and potassium excretions after 
cach dose and give a larger sodium excretion in 24 hours than a single dose of equiva- 
lent amount ‘figs. 11 and 12). Urine volume follows the increase in sodium ex- 
cretion. Figure 13 shows the sodium excretion after the daily administration of 
§0 mg. of hydrochlorothiazide three times a day in a patient with congestive heart 
failure with edema. Sodium excretion was initially much greater than control 
levels and then gradually declined to control levels, at which time the weight was 
stable and all clinical evidence of edema had been lost. On the first, ninth, and 
fourteenth days of therapy, 2 ml. of mercaptomerin was given, which produced an 
additive natruretic effect. While the patient retains excess sodium stores and edema, 
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Fic. 10. Electrolyte excretion pattern of hydrochlorothiazide. Chloride excretion is greater than that 
of sodium, and potassium excretion is approximately one half the sodium excretion Reprinted with 


permission from Fuchs et al.’ 
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Fic. 11. Electrolyte excretion of sodium, measured at two-hour intervals after a single 400 mg. dose of 


hydrochlorothiazide once daily’ and a 200 mg. dose given twice daily (12 hours apart Reprinted with 


permission from Fuchs et al.” 


the sodium excretion remains above control levels with the use of the chiazide 


diuretics until the excess sodium stores are depleted and cardiac compensation and 


the edema free state are attained 
Renal Studies. The effects of an intravenous dose of hydrochlorothiazide 200 mg 


on renal hemodynamics are shown in figure 14. Immediately after intravenous ad 


ministration of the drug, there was a temporary reduction in glomerular filtration 


rate, which returned to control values within one hour. Despite the temporary 


decrease in glomerular filtration rate, there was an increase in sodium, chloride, and 
water excretion by the first hour after administration of the hydrochlorothiazide 
Renal plasma flow increased slightly. Orally administered hydrochlorothiazide had 


no influence on glomerular filtration rate or renal plasma flow. It can be concluded 
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Fig. 12. Electrolyte excretion of potassium measured at two-hour intervals after a single 400 mg. dow 


of hydrochlorothiazide once daily and a 200 mg. dose given twice daily (12 hours apart Reprinted 


with permission from Fuchs ct al.’ 
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Fic. 13. The sodium excretion of an edematous cardiac patient receiving $0 mg. of hydrochlorothiazide 
three times a day for 18 days. During this period the patient lost all clinical evidence of edema fluid. A 
marked increase in sodium excretion is seen with the hydrochlorothiazide, and this is augmented by 
mercaptomerin administered on the first, ninth, and fourteenth days. (Reprinted with permission from 


Fuchs et al 


that the natruretic and diuretic activity of the drug is a tubular response and not 
due to any noticeable change in renal hemodynamics 

After the oral administration of hydrochlorothiazide, the drug appears in the urine 
within one hour and reaches a maximum excretion within three hours. Less than 


25 per cent of the entire amount of the ingested drug ts excreted within five hours 


HYDROFLUMETHIAZIDI 


Hydroflumethiazide differs from chlorothiazide by replacing the chloride atom 


Fico. 14. The response of renal hemodynamics to a 200 mg. intravenous dose of hydrochlorothiazide is 
shown. There is no significant effect on cither the systolic or diastolic pressure. There is a slight transient 
decrease in glomerular filtration and an increase in renal plasma flow but neither vary to any significant 


degree Reprinted with permission from Moyer et al.’ 
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with a trifluoromethy! group and saturation of the heterocyclic ring with two 
hydrogen atoms (fig. 2 

Clinical Study. A dose response curve as determined by acute 48-hour weight loss 
in a group of cardiac patients shows significant activity at the 50 mg. dosage level 
and the maximum effective dosage 1s 400 mg. Dosages larger than 400 mg. do not 
produce a greater weight loss. 

Continuous administration of 200 mg. of hydroflumethtazide daily for six weeks to 
24 cardiac patients did not produce any apparent toxic side effects and all patients 
except 1 maintained good cardiac compensation. Parenteral mercurials had to be 
administered to 1 patient who was in a state of refractory edema, which was not 
responsive to the maximum effective dosages of the other thiazide derivatives. There 
was no clinical evidence of electrolyte imbalance, and serum electrolyte studies and 
complete blood counts at the end of the study did not show any significant changes 

Dose Response Curve and Electrolyte Studies. The electrolyte response curves to in 
creasing dosages of hydroflumethiazide are similar to those with hydrochlorothiazide 
in that there ts marked activity demonstrated in the dosage range of 25 to 400 mg 
and chloride excretion significantly exceeds sodium excretion. The maximum dosage 
for sodium excretion ts in the 200 to 400 mg. range. Potassium excretion ts increased, 
but there is a similarity co the flumethiazide excretion curve in that maximum 
potassium excretion 1s reached in the lower dosage range and does not significantly 
increase with the higher dosages. This ts not apparent with chlorothiazide and 
hydrochlorothtazide 

Renal Studies. The oral administration of 200 mg. of hydroflumethiazide has no 
effect on the glomerular filtration rate, renal plasma tlow, or blood pressure, but 
there 1s a significant increase in the natruretic activity by the second hour atter 
administration. Urine volume increases and parallels the increase in sodium ex 
cretion, Increased natruretic activity remains apparent tor more than six hours 
The activity of this drug also depends on its inhibition of reabsorptive mechanisms 


at the renal tubular level 


DISCUSSION 


The four benzothiadiazine derivatives that have been described are all potent 
nontoxic diuretic agents. However, when we review their individual characteristics 
it becomes apparent that two basic types emerge. One type includes the nonhydro 
genated and the other the hydrogenated derivatives. Chlorothiazide and tlumethi 
azide both have a similar sodium dose response curve with the onset of signigcant 
natruretic activity above a 200 mg. dosage to a maximum effective dosage of 2000 
mg. Both drugs have an effective clinical dosage range of the same magnitude. It 
is also apparent that the clectrolyte excretion patterns of chlorothrazide and flu 
methiazide are similar in regard to sodium and chloride excretion. However, 24-hour 
potassium excretion of the chlorinated derivative appears to be greater than with the 
trifluorinated form. In addition, potassium excretion increases with increasing 
dosages of chlorothiazide up to a maximum dosage, whereas with flumethiazide, 
maximum potassium excretion appears at a lower dosage level and does not increase 
significantly above this dosage. 
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TABLE | 
Weght Loss m Pounds Produced m 48 Hours by the Maximum E fective Dosage 
of Four Thrazide Derwwatives 


Maximum effective dosage of drug 


Chlorothiazide, —Flumethiazide, Hydrochlorothiazide, Hydroflumethtazide, 
2000 mg 2000 mg 200 mg 400 mg 


Weighe loss, Ib 29 29 +3 4 43 
pf value 0 001 0 001 0 001 0 001 


When chlorothiazide and flumethiazide are hydrogenated, a new set of character- 
istics 1s created, which produces the second basic type of benzothiadiazine derivative 
By the simple addition of two hydrogen atoms to the heterocyclic ring (fig. 2), the 
effective dosage range of both the chlorinated and the trifluoromethyl forms 1s 
reduced to approximately one tenth or less. With the hydrogenated group, the 
sodium dose response curve ranges from 25 mg. or less to a maximum effective dosage 
of 200 to 400 mg. ‘fig. 15). However, the maximum effective dosages of the hydro 
genated and the nonhydrogenated groups produce equivalent sodium excretion 
Another rather detinite change as a result of hydrogenation 1s the change in clec 
trolyte excretion pattern. By the addition of the hydrogen atoms, the compounds 
become much more potent chloruretic agents, with results significantly above sodium 
excretion levels. This occurs with both the chloride and tritluoromethy! derivatives 
Potassium excretion presents the same characteristics in this group as it does in the 
nonhydrogenated group 

When weight response and clinical impressions are used as criteria of diuretic 


effectiveness, tt appears that there 1s a somewhat greater effect with the hydrogenated 


forms. However, total sodium excretion 1s quite similar in both groups. Possibly 
the increased potency of the hydrogenated drugs may be better measured by their 
increased chloruretic effect rather than by the natruretic effect 

All tour drugs have the same clinical application and all are capable theoretically 


Dosage, mg 
Fico. 15. Sodium dose response curve of hydroc hlorothiazide (and hvdrotlumethiazide) and chlorothtazid 
and tlumethiazide It is apparent that the nonhydrogenated forms have a dosage range approximat ly 


10 times that of the hydrogenated group Reprinted with permission from Fuchs et al.’ 


AW august 1959 INTERNATIONAL RECORD OF MEDICINE 


5 
we 
i# 
x 
i 


Adequate patient observation ts 


of producing electrolyte depletion syndromes 
mandatory in order to determine the carly clinical signs of sodium and potassium 
deficiencies. The elevation of the blood urea nitrogen that may be seen with con- 
tinuous administration of these drugs may be a result of decreased glomerular filtra- 
tion, secondary to progressive dehydration and hyponatremia. This would be 
accentuated in the presence of renal impairment existing before the use of the drug 
A further possibility may be an increase in protein catabolism with the benzo 


thiadiazine agents 
Toxic effects have presented no major dithculties with any of the drugs studied 


to date 
final conclusive assurance that these agents are truly nontoxik 

At the present time we are actively engaged in studying other derivatives of the 
It wall be interesting to compare both the pharmacological 


Only prolonged observation over a period of several years will give the 


benzothiadiazine group 
characteristics and clinical effectiveness of these agents with those of drugs that are 


being used in practice today 


SUMMARY 


1. A summary of the pharmacology of four derivatives of the benzothtadiazine 


group of diuretics ts presented 
2. These drugs are considered a marked advancement in the field of diuretic therapy 


and may be only the initial steps in the development of even more effective and sate 


agents for the therapy of edema and hypertension 
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Chlorothtazide has been available tor clinical use for a period of two vears. During 
this relatively brict interval, it has become recognized as the most effective ora] 
diuretic available for the treatment of the various edema states. The almost im. 
mediate clinical popularity of this drug attests to its usefulness and pharmacological 
superiority over all previous oral diuretics 

More recently another member of the benzothtadtazine family, hyvdrochlorochi 
azide, has been introduced. The clinical recognition of the diuretic effectiveness of 
this drug has been similar to that of chlorothiazide. Although long-term studies 
are not yet available, carly reports suggest that hydrochlorothiazide may be even 
more effective than chlorothiazide 

It 1s the purpose of this report to review the experiences that have been recorded 
with these two drugs and to compare their usefulness in the treatment of congestive 


heart tarlure 


CHLOROTHIAZIDI 


EXPERIENCES WITH 


The effectiveness of chlorothiazide as a diuretic ts dependent on tts ability to in 
hibit the renal tubular reabsorption of sodium and chloride (and, secondarily, water 
Although this drug appears to have some carbonic anhydrase inhibitory action, its 
primary pharmacodynamic effect more closely resembles that of the potent organo 
mercurial compounds. However, the specifi’ mode of action of chlorothiazide sell 
remains undetermined 

Since the mercurtals have long been recognized as the most effective available 
diuretics, i is important to compare the potency of cach new diuretic with that 
of the mercurtals. By means of standard bioassay techniques, Ford! has shown that 
chlorothiazide 2000 mg.) 1s 80 per cent as potent orally as parenteral meralluride 
2 mi Bayliss et al? have similarly reported that the comparative potencies of 
mersalyl and chlorothtazide are equal 

In addition, 10 has been found that chlorothiazide may be effective at times when 
the mercurtals tail to produce any significant diuresis. Bayliss et al? discussed 11 
patients who had shown little or no response to biweekly injections of mersalv! 
The retractoriness in these patients could not be attributed to any clectrolyte im 
balance. Chlorothiazide produced significant or complete clearing of edema in 9 of 
the 11 patients. Larague* has reported similar findings 
Finally, it has been demonstrated that chlorothiazide may increase the response 


150 


to mercurials when both diuretics are given together.’ This finding has obvious 
clinical connotations 

Thus, chlorothiazide exhibits many of the features of the ideal diuretic: (1) it ts 
effective when administered orally, (2) it is as potent as a mercurial diuretic given 
parenterally, (3) 1¢ may be effective when mercurials fail, and (4) when given in 
combination, chlorothiazide and mercurials may have an additive effect 

Multiple clinical reports attest to the ethcacy of chlorothiazide. Fishman ec al! 
found that 71 of 87 patients treated with chlorothiazide had a significant to marked 
reduction in peripheral edema. Dinon et al’ reported similar effectiveness in a larger 
series of 121 patients, and many other like reports are now available 

Various types of electrolyte imbalance may occur with the administration ot 
chlorothiazide. Hypochloremic alkalosis and hyponatremia are particularly likely 
when vigorous chlorothiazide therapy is combined with rigid sale restriction 
However, these complications can be readily corrected by the use of ammonium 
chloride in the former instance or hypertonic saline solution in the latter 

Another electrolyte complication ts potassium deficiency. Hypokalemia either 
may occur during the course of extreme diuresis or clse may appear unexpectedly in 
certain persons in the absence of a significant diuresis, thus emphasizing the marked 
kaluretic property of chlorothiazide. However, trom a practical standpoint, this 
latter complication ts uncommon in the patient receiving less than 1 Gm. day and 
can readily be prevented by the prophylactic administration of potassium salts of 
citrus fruits in the patient receiving more than | Gm. datly 

Chlorothiazide appears to be remarkably tree of toxic effects. However, Dinon 
al’ reported neutropenia and thrombocytopenia as a possible, although uncon 


ct 
The incidence of side effects 1s lkewrse 


firmed, toxic complication in instance 
small, they consist primarily of gastrointestinal complaints and minor skin eruptions 

According to Mover,® the patient with considerable heart tatlure in whom im 
mediate diuresis ts needed ts best treated inically with a dosage of 1000 mg. every 


| 


Sto 12 hours. Unless the diuretic response ts excessive, the dosage can be maintained 


at this level until the patient approaches dry weight, at which time the dosage can 


The 


he reduced gradually until the minimum effecttve dosage has been determined 
usual maintenance dosage will be 250 to 500 mg. datly, although larger dosages may 


he required in individual instances 
When chlorothiazide 1s used for patients who are not in intractable heart tatlure, 


the dietary salt intake can be liberalized. This precaution will also lessen the likeli 


hood of clectrolvte rmbalance. Likewise it 1s not necessary to discontinue the drug 


intermittently, for tolerance to chlorothtazide has been shown not to occur 


HYDROCHLOROTHIAZIDIE 


EXPERIENCES WITH 


Clinical pharmacological studies have demonstrated that hydrochlorothiazide ts 
also a potent diuretic that resembles chlorothiazide qualitatively but ts at least 10 
times more active Both drugs have marked saluretic properties, however the 
urinary loss of potassium ts relatively less after the administration of this drug than 


This latter effect implies a clinical advantage tor hydro 


with chlorothiazide 


CHLOROTHIAZIDE FOR CONGESTIVE HEART PATLURE Brest Wl 


chlorothiazide, for one might expect that the complication of hypokalemia will be 
less with the newer analogue 

Ford’ has demonstrated that in comparison with the mercurial diuretics, hydro 
chlorothiazide 1s 1.4 times as potent after oral administration as meralluride atter 
parenteral administration. In this respect, hydrochlorothiazide appears to be even 


more effective than chlorothtazide 

Although long-term studies are not yet available, several clinical reports of the 
diuretic effectiveness of hydrochlorothiazide are now available. Brest and Likoff® 
reported complete control of heart failure in 16 of 20 patients treated with this drug 
Perhaps more significant ts the fact that 9 of 12 patients who had been refractory to 
previous diuretic therapy for congestive failure were successtully controlled with 
hydrochlorothiazide. Similarly significant ts the fact that 6 of the 9 had previously 
been treated with chlorothiazide 

Hypochloremic alkalosis and hyponatremia may occur with the administration of 
hydrochlorothiazide but can be readily controlled, as just outlined. Hypokalemia 
is less likely than with chlorothiazide, and a low incidence of side effects has been 
reported thus far, similar co the frequency with chlorothiazide 

Mover et al* reported that the maximum effective dosage of hydrochlorothiazide 
appears to be 100 mg. twice daily and the minimum effective dosage needed to pro 
duce natruresis is 20 to 25 mg. The larger dosage should be administered until the 
patient approaches dry weight, at which time there can be a gradual reduction to 
the effective minimum dosage 

Ford’ reported the absence of the development of tolerance to this drug after con 
secutive datly administration. This suggests that the drug can be used daily in the 


treatment of heart tatlure with repetitive cflectiveness 


CONCLUSIONS 


Digitalis, rest, and reduction in salt intake constitute the basic therapeutic regimen 
tor congestive heart tatlure. However, the use of diuretic therapy plays a major 
supporting role, cither by tactlitating a more rapid response or clse by controlling 
an otherwise intractable congestive state. Hence, the constant search tor effective 
diuretic agents ts of great clinical importance 

Suthcient evidence is now at hand to indicate that chlorothiazide is the most 
effective proved oral diuretic presently available. Its diuretic potency ts similar to 
that of the mercurials, and in fact, it may be effective when the latter are not. Also, 
it has been shown that chlorothiazide may increase the response to mercurials when 
both agents are given together. These factors substantiate the value of this potent 
diuretic agent 

Alchough vartous types of electrolyte imbalance may occur with the use of chloro 
thiazide, these complications can be readily controlled by appropriate replacement 
therapy and may possibly be prevented by proper prophylaxis. Chlorothiazide 
appears to be remarkably free of toxic reactions and there 1s a low incidence of side 
ctfects. 

More recently, hydrochlorothiazide has become available tor clinical use. Certain 
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pharmacological features suggest that this new drug may uluimately prove co be 
even more effective than chlorothiazide. The comparative potency of hydrochloro 


thiazide with the mercurials is even greater than that attained with its precursor, 


and the newer drug may be effective when chlorothiazide is not. Finally, the lesser 
kaluretic effect with hvydrochlorothiazide indicates another advantage for the 


newer analogue 
In summary, the use of chlorothiazide and hydrochlorothiazide represents a sig 


nificant advance in the therapeutic armamentarium for congestive heart tarlure 
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Lrology Award 


The American Urological Association offers an annual award of $1000 first prize 


of $500, second prize $300, and third prize $200) for essays on the result of some 


clinical or laboratory research in urology. Competition ts limited to urologists who 


have been graduated not more than 10 vears and to hospital interns and residents 


doing research work tn urology 

The first prize essay will appear on the program of the forthcoming meeting of the 
American Urological Association, to be held at the Palmer House, Chicago, May 
16 19, 1960 

For full particulars write the Executive Secretary, William P) Didusch, 1120 North 
Charies Street, Baleamore, Marvland. Essays must be in his hands before Dec. 1, 
1959 
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Chlorothiazide and Hydrochlorothiazide in the 
Treatment of Congestive Heart Failure 


John W. Keyes, M.D., Gerald M. Breneman, M.D., and 
Hernan Alvarez, Jr.. M.D. 
ADULT CARDIOLOGY DIVISION, DEPARTMENT OF MEDICINE, HENRY PORD HOSPITAL 


DETROIT, MICH 


INTRODUCTION 


In the past two years, a new class of potent oral diuretic agents, derived from the 


aromatic sulfonamides and belonging to a group known as benzothtadiazines, has 


heen introduced to the medical profession. The first major breakthrough in produc 


ing a nontoxic and highly active oral diuretic resulted in the development of chloro 
thiazide, 6-chloro, 7-sulfamyl, 1, 2, 4-benzothiadiazine-1, l-dioxide.' Since then, a 
second and more powerful derivative, hydrochlorothtazide, has been synthesized, 
it is designated as 6-chloro-7-sulfamyl-3, 4-dihydro-1, 2, 4-benzothiadiazine-1, | 
dioxide. Both of these compounds are very active saluretic agents, causing the ex- 
cretion of large amounts of sodium, chloride, and, to a lesser extent, potassium 
It is to this activity that the drugs owe their effectiveness in the management of 


edema states, particularly congestive heart failure. Hydrochlorothiazide ditfers 


trom chlorothtazide in having no double bond in the heterocyclic ring and appears 


to be several times more effective in its diuretic activity mg. tor mg., as will be 


shown later 
CHLOROTHIAZIDE 


Mode of Administration, The plan was to give $00 mg. two or three times daily at 


six-hour intervals for two, three, or four days consecutively with a rest period of 
three or tour days between, tf prolonged use was planned. However, maximal 
response was obtained with 250 mg. doses administered in the same manner. The 
dosage must be determined tor cach patient, some patients may have congestive 
failure of such severity as to need continuous daily use, in order to keep them trec 
of edema or fluid accumulation. It ts surprising to see the variations in dosage re 
quirement tor different patients. Once stable weights can be attained with maximal 
improvement on a particular dosage, this should be approximately whar the indi 
vidual patient will require for maintenance. It should be noted that giving larger 
dosages in excess of 2000 mg. in 24 hours) may not increase diuretic effectiveness 
and may only lead to possible greater loss of potassium 

Method of Study. Fitty patients who were in congestive heart tatlure received 
chlorothiazide as the principal diuretic, and in some cases, ammonium chloride was 
A unitorm 400 mg. sodium dict was 


utilized in conjunction with chlorothiazide 
The tollow-up 


used, all but 2 patients were on adequate digitalis maintenance 
period ranged from one week to seven months, and the degree and duration of tailure 
made it possible co place cach patient in one of four groups 

Group 1. Five patients who had not received diuretics constituted this group 


. 4 9 
|_| 


Chlorothiazide was administered instead of mercurials. in a dosage of 250 mg. three 
times a day for three consecutive days of each week Etiology of the tatlure in this 
group was arteriosclerotic heart disease in 3 patients, hypertensive heart disease in 
1, and rheumatic heart disease in 1. The average weight loss for each initial chree 
day period was 6 Ib 

Group 2. This group consisted of 25 patients in chronic congestive tatlure whose 
past treatment was cither an occasional mercurial injection, an oral mercurial, or a 
nonmercurtal diuretic Chis group of patients included 9 with arteriosclerotic heart 
disease, 3 with hypertensive cardiovascular disease, and 13 with rheumatic heart 
disease. All patients were followed from six weeks to four months 

Chlorothiazide was again administered in pertods of three consecutive days each 
week, in doses of 250 to §00 mg. three times cach dav. Onc patient in this group 


however, was under good control with only 125 to 250 mg. once a week Weight 


loss for the group ranged between 3 and 8 Ib., with an average loss of 5 Ib during 
each three-day period. Diurests in all cases was felt to be at least equal to that 
achieved with previous medications. One patient, when changed from an oral met 
curial to chlorothtazide, lost an additional § Ib. in the firse four days of treatment 

Group 3. This group included 17 patients in chronic congestive farlure, who had 
required mercaptomerin or chlormerodrin by injection once or twice weekly or once 
every two weeks. There were 11 cases of arteriosclerotic heart disease. 1 case of 
hypertensive cardiovascular disease, and § cases of rheumatic heart disease. Chloro 
thiazide therapy was substituted in doses of 250 to $00 mg. three times daily tor three 
consecutive days of each week. Initial weight loss with chlorothiazide averaged 
6 Ib., with 1 patient losing 12 Ib. No patient tailed to respond and achieve a con 
trolled state 

Group 4. There were 3 patients with artertosclerotic heart disease im intractable 
congestive failure, refractory to mercurial diuretics. Chlorothiazide also tailed to 
induce diurests 

The results of chlorothtazide therapy for congestive failure in these tour groups 
are indicative of its effectiveness in all usual forms of heart disease \ more unttorm 
and sustained diuresis, producing an edema-free state, 1s also noted with chloro 
thiazide There is not as much reaccumulation of fluid between periods of drug 
administration as ts the case with intermittent mercurtals 

The drug was exceedingly well tolerated by all patients in this series and no 
gastrointestinal side effects were noted. There was 1] instance of a mild ervehematous 
papular rash of the trunk and extremities, which cleared promptly on withdrawal 
of the drug. All patients showed a mild hypochloremia, but there was no case of 
serious electrolyte depletion. No hematological or neurological disorders were noted 

Discusston. An average initial dosage of 500 mg. two to three times a dav over a 
15-hour period was found to be most effective, an occasional patient required twice 
this dosage, but many responded adequately to half this amount of drug The 
smallest effective dosage should be sought through individualization of each case 
This can be quickly determined. Moderate congestive failure usually responds with 
three or four consecutive days of drug administration per week. Patients in severe 


failure may do well with datly administration 
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TABLE | 
Type of Congestive Faslure of 32 Patsents Treated with Hydrochlorothiazide 


Etiology Grade | Grade II Grade Ill Total 


Arteriosclerotic 
Rheumatic 
Hypertensive 
Congenital 

Cor pulmonak 


Total 20 


* Figures in parentheses indicate number with toxic changes 


Dosages exceeding 2000 mg. day of chlorothiazide produce an excessive urinary 
bicarbonate loss, because of inhibition of carbonic anhydrase by the drug. This 
mechanism ts not evident with the usual dosages 

Salt restriction may be climinated in some paticnts while on chlorothtazide, a 


factor that greatly enhances the patient's sense of well-being 


HY DROCHLOROTHIAZIDI 


Mode of Administration. The exact dose of hydrochlorothiazide comparable to 500 
mg. of chlorothiazide has not been agreed on but would appear to be somewhere 
hetween $0 and 100 mg. Our plan was to match 50 mg. of hydrochlorothiazide to 
§00 mg. of chlorothiazide. Some patients seemed to do as well on this program, but 
others required 150 mg. of hydrochlorothiazide cach day to equal 1000 mg. of chloro 
thiazide. It would appear that if the effects of hydrochlorothiazide are more pro 
longed,’ a wider spacing of eight hours between doses might provide longer coverage 
and better diuretic effects. The drug also may be continued for long periods of ex 
tended therapy, the same as chlorothiazide, but a word of caution should be given 
to watch closely tor electrolyte depletion effects, as hydrochlorothiazide does appear 
to depress chlorides more than chlorothiazide does 

Hydrochlorothtazide may be administered intravenously 
0) mg. diluted in § to 10 ml. of distilled water. This amount comes 


in its Ilvohydrochloro 


thiaztde torm 
very close to equaling 2 ml. of mercaptomerin or meralluride in effectiveness 

Method of Study. Thirty-two patients with congestive heart failure were treated 
with hydrochlorothiazide. Fourteen patients had arteriosclerotic heart disease, 
14 had rheumatic heart disease, 2 had hypertensive heart disease, and there was | 
case cach of congenital heart disease probable atrial septal detect) and cor pulmonale 

The subjects were divided into three grades of congestive tatlure, as follows 
table 1) Grade |: patients with mild to moderate degrees of congestive heart 
failure, manitested usually by dyspnea, moist basilar rales, hepatic congestion, and 


slight edema, grade IL: patients with severe congestive failure, usually with marked 
edema and or ascites, grade IIL: patients with severe congestive failure who had 


become resistant or refractory to previously used diuretic agents 
All patients received digitalis, and the majority had had prior diuretic therapy, 
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mercurials, and or chlorothiazide. One patient in grade I failure and 1 in grade II 
had received no previous diuretic. Grade I patients were maintained on 400 to 1600 
mg. sodium diets as indicated, while those in grades II and II were maintained on 
the 400 mg. sodium diet 

Twenty-four patients were hospitalized, and the remaining 8 were followed at 
one- to four-week intervals in the outpatient department. Daily weight was ob 
tained. Blood counts, urinalyses, blood urea nitrogen and serum electrolyte deter 


minations were obtained once or twice weekly for all hospitalized patients. Clin 
patients were checked with less regularity, though several maintained a daily weight 


chart at home 
Results. Gravel. Eight patients were classified as having grade I congestive 


failure: 4 with arteriosclerotic heart disease, 3} with rheumatic heart disease, and | 
with hypertensive heart disease. Seven of the patients had been treated with previ 


ous diuretic regimens, all with good response. When changed to hydrochlorothia 


zide, 6 of the 7 responded as well to this agent. One patient (case 1) demonstrated 


a superior response to a mercurial diuretic 


Case]. a Theyear-old white woman who had been tollowed in the outpatient department 
March, 1957, had a diagnosis of rheumatic heart disease, aortic insufficiency, and cardiac d ympensats 
She was maintained on al Gm. sale dict, gitalin, 0.6 mg. daily, and intermittent injections of mercurta 


retics 


She was admitted to the hospital on Dec. 14, 1998, because of increasing dyspnea, palpitation, and ank 
dema of two weeks duration Weight on admission was 106 Ib, after four days of bed rest and 
tinuat t the prior regime, her weight decreased to 104), Ibo Seventy mg. of lwohydrochlorothiazid 
was administered at this time, with a loss of 1', Ibo F r davs later a ject won tt ‘ { 

ted a diuresis of 44, Ibo Daring this four-day tnterval th paticnt sh red d tet 


mentioned later 


ti hl wothiazid 


One patient in this group not previously treated with diuretics showed a good 


re Sponsc 


No coxicity or side effects were noted other than weakness in | patient atter thre« 


davs of drug administration, This patient had an acute myocardial intarctron and 


could not be weighed, but daily urinary output indicated a good diuresis, and the 
serum chloride level tell to 84 mEq This cleared promptly when the drug was 


discontinued 
Grave Il There were 20 patients in this group: 7 with arterroscleroti heart 


disease, 10 with rheumatic heart disease, and 1 case each of Congenital heart disease, 


chronic cor pulmonale, and hypertensive heart disease 


One patient had not had previous treatment with diuretics and showed a good 


response. Of the remaining 19, all had received diuretics previously with a satis 


factory response, though the congestive heart failure was not completely controlled 


in all cases. Seventeen of the 19 patients showed a good response with a weight loss 


of 1 to 27 Ih. after hvdrochlorothiazide was started, the average weight loss being 


7 1b. Thus, 18 of the 20 patients had a satisfactory diuretic response. Four patients 


previously maintained on chlorothiazide as the sole diuretic were felt to have an 


improved diuresis with hyvdrochlorothiazide 


with artertoscleroti heart diseas hronsce atrial fibrillation, a 


Cave 2 4 Tewear-old woman 
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Fic. 1. Weight loss in L. D., a 46-year-old white man 
case 3) Arrows indicate intravenous dose of 50 mg. of 


hydrochlorothiazide 


Jen. 
hron mgestive heart failure, was followed in the outpatient department. Her passive co stion Was 
incompletely controlled on a 1 Gm. sale diet, digitoxin, 0.1 mg. daily, chlor thiazid S00 meg. twice 
daily three davs cach week, and ammonium chloride Hydrochlorothtazide, SO me daily, was 
substituted for the chlorothiazide three days each week with a prompt loss of 6'y Ib. and considerable 


improvement in the hepatome galy and edema, though she still was not at a dry weight 


In several cases, a prolonged diuresis with a delayed maximal response was noted, 
particularly after intravenous administration. To our knowledge, this has not 


previously been re ported 


L. D., a 46-vear-old white mat 
to admission he had had increasing dvspt 
if hr asthma 
termittent mnyections of mercurial diurets 
Cardiac catheterization showed no evider Yashunt. Diagnos 


emphysema, and congestive heart tailu mad 
} 
nt was continued on digitoxin and al Gm. sale dict. During the first w 


# mercaptomerin, he lost 14 Tb. by diuresis. On Jan. 8, 1959, the patient 
$0 me. of lwohvdrochlorothiazide intravenous Th xt morning h 
aft that, 192'» Ib The same intravenous 


lost an additional 13 Ib. bw diuresis (fig. 


Iwo patients in this group responded poorly to hydrochlorothiazide in a dosage 


of 100 mg. datly A larger dosage might have proved effective, though we have 
found that if the patient will respond at all to the drug, some effect can usually be 
obtained at this dosage level 

Nausea and weakness occurred in 1] patient of this group, w ho asked that the drug 
be discontinued. Serum electrolytes in this case were normal. Weakness and anorexia 
were noted by a second patient, but drug withdrawal was not necessary. Mild to 
moderate degrees of hypochloremia were not uncommon, but caused no untoward 
effects. No cases of hyponatremia or hypokalemia werc noted in this series, but 
these complications have been observed by the authors since preparation of this 
report 

Grape HL Four patients with severe, resistant congestive heart tailure were 
given a trial of hydrochlorothiazide. Three had advanced arteriosclerotc heart 
disease and 1 had rheumatic heart disease. All had developed retractoriness to 
mercurial diuretics and chlorothiazide and showed no response to hydrochlorothia 
zide. Two patients subsequently showed some response to merc urial diuretics when 
started on large dosages of triamcinolone 

No toxic effects directly attributable to hvdrochlorothiazide were noted in these 
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seriously ill patients. One developed paroxysmal venericular tachycardia 12 hours 
after receiving 50 mg. of hydrochlorothiazide intravenously. This converted readily 
during the administration of 40 mEq. of potassium in 500 ml. of 5 per cent glucose in 
water. There were no other signs of possible digitalis toxicity, serum electrolyte 
determination at the time showed only a mild hyponatremia (sodium, 127 mEg 

The relation to hydrochlorothiazide therapy ts conjectural 


COMMENT 


Both chlorothiazide and hydrochlorothiazide cause a marked excretion of sodium, 
chloride, and potassium in the urine, apparently because of their renal tubular block 


ing action on the reabsorption of these rons. Chlorothiazide causes marked sodium 


loss and somewhat less chloride loss, while hydrochlorothiazide also produces a 


marked loss of sodium and a somewhat greater chloride excretion. The excretion 


of potassium appears to be approximately the same with the two drugs Phere 


appears to be a greater bicarbonate excretion with chlorothiazide. The salureti 


effect 1s greater and more prolonged with hydrochlorothiazide at a comparable oral 


dosage The latter cflect was noted over a protracted period in one of the cases tn 


this report case 3). Both agents appeared to work better when acid salts, potassium 


chloride and or ammonium chloride, were used as adjunctive therapy in this series 


They were somewhat less ctfective when serum chlorides were at slightly depressed 


levels and much less effective when they were at moderately depressed levels, that 


is, When serum chlorides were depressed, after intensive or prolonged therapy, to 


less than 97 mEq., the diuretic responsiveness appeared to decrease 
Both drugs are well tolerated orally, are almost totally devoid of gastrointestinal 


intolerance even in the most advanced cases of congestive heart failure with severe 


visceral congestion. They remain consistently effective without evidence of drug 


tolerance developing and subsequent need of increasing the dosage. Mild erythem 


atous skin rashes have been observed in approximately 2 per cent of our patients 


treated with chlorothiazide, but none were encountered in this series with hydro 


chlorothiazide No adequate opportunity has been afforded to test the latter drug 


In a patient sensitive to chlorothiazide To date, after two vears of use, there has 


not been a single case of renal tubular degeneration because of any toxic effects of 


chlorothtazide Hydrochlorothtazide has also not produced any toxie renal dis 


turbance since its use was begun. Jaundice with the use of chlorothtazide has been 


reported’ and was thought to be of the intrahepatic obstructive type. One of the 


authors J. W. K.> has observed 2 cases of jaundice after prolonged use in severe 


advanced heart faslure, | of these was fatal and appeared to be of a true toxic hepato 


cellular degenerative type unreported), the other appearing to be of a reversible 


nature, clearing after cessation of chlorothiazide therapy and reappearing atter che 


drug was restarted and administered a second time for approximately two wecks 


The greatest danger and toxic effect appears to be severe clectrolyte depletion 


Mild hypochloremia ts a natural consequence of the use of these two agents, but tt 


large dosages are given for too long a period in salte-depleted patients, severe hypo 
chloremic alkalosis, salt-depletion syndrome,’ and severe hypokalemic effects may 
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he produced. The adjunctive use of potassium chloride and or ammonium chloride 
orally can prevent severe hypokalemia or hypochloremia, and in our opinion, they 
should be given whenever large dosages of both drugs are employed, particularly tor 
long periods. If severe liver impairment ts present, as is so often the case in long- 
standing congestive heart failure, loss of potassium may already have occurred and 
will be aggravated by this type of diuretic therapy. The depletion of potassium 
will lead to augmented digitalis effects with typical manifestations of digitalis in- 
toxication, mild to severe, manifested often by unusual digitalis arrhythmias. The 


authors suspect that | of the cases reported here was caused by this effect 


It is recommended that regular serum electrolyte determinations be obtained when 


there 1s prolonged administration in advanced chronic congestive heart tatlure, par 


ticularly when hepatic or renal disease 1s suspected or known to exist, other patients 


should be checked at the slightest suspicion of clectrolyte depletion, tor example, 


if there 1s sudden oliguria or failure to respond 
Hypochloremic alkalosis usually responds promptly to the use of ammonium 
chloride The response may be hastened by the combined use of a carbonic an 


hydrase inhibiting agent for several days 
Both chlorothiazide and hydrochlorothiazide represent a significant advance in 
the diuretic management of congestive heart fatlure, approaching the effectiveness 


of parenterally administered mercurials. Their decided advantages are: effective 


oral administration, low incidence of toxicity, high patient acceptance, and sustained 


diuretic action over prolonged periods 


SUMMARY 


Chlorothtazide and hydrochlorothtazide were administered to separate series of 
patients with congestive failure. Both drugs were potent oral diuretic agents for 


the short- and long-term management of these patients One of these drugs hydro- 


chlorothiazide ) was also effective by intravenous administration. Dosage and 


itv of the ewo drugs are discussed 
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@) INTERNATIONAL CLINICAL NEWSLETTER 


DOUBLE CLEFT LIP. A new two-stage operation for the repair 
of double cleft lip is started when the infant is only 2 
weeks old and completed two months later, it was reported 

at the recent meeting of the American Association of Plastic 
Surgeons in Boston. The abnormally prominent premaxilla 

is repositioned without surgery by gentle constant pressure 
from the repaired lip. 


ALTITUDE AND ASTHMA. The thesis that altitude exerts a 
genuine physiological effect on asthma was supported by 
research at sea level and at 12,500 feet with guinea pigs, 
it was reported recently at the 15th Annual Congress of 
the American College of Allergists. Altitude-—exposed 
animals in which asthma was induced had less severe asthma 
attacks. The work bears on the question of the extent to 
which psychosomatic factors are involved in treatment of 
asthma at altitude. 


FROZEN BONE MARROW. Living bone marrow cells have been 
preserved successfully in a frozen state for use in persons 
exposed to radiation (Am. J. Nursing, April, 1959). 
Intravenous injection of the stored marrow produced 
"dramatic improvement" in the blood of 4 patients who had 
been receiving radiation therapy, reported Veterans Ad- 
ministration officials. The use of stored marrow may make 
it possible to treat patients much more intensively with 
radiation than was previously thought advisable. 


ATARAXIC. Released recently is methoxypromazine maleate 
(Tentone, Lederle), designed to control psychic conditions 
that require more than a mild sedative but do not involve 
psychopathology. Minor side effects observed during 
clinical trials abated when dosage was reduced or stopped. 


NEW SURGICAL PROCEDURE. A new surgical procedure to help 
laryngectomized patients to talk again creates an opening 
into the esophagus, using a small section of vein removed 
from elsewhere in the body, it was reported at the recent 
meeting of the James Ewing Society in New York City. Air 
taken in through this opening can be expelled through the 
mouth and used to form sounds. 


SILICONE RUBBER. Animal experiments using silicone rubber, 
which resembles polyvinyl sponge, as a soft tissue sub- 
stitute produced far less tissue reaction and fluid ac- 
cumulation than did other synthetic materials, reported 
Francis A. Marzoni (Birmingham, Ala.) at the meeting of 
the American Association of Plastic Surgeons. The study 
suggests that silicone rubber may also be used to prevent 
unwanted bony union in surgery of the joints. 


NEW ANTIHELMINTHIC. Pyrvinium pamoate, a cyanine dye, is 
very efficacious in eliminating pinworm infections in 
human beings, according to a report given at the recent 
Seventh Annual Meeting of the American Society of Tropical 
Medicine and Hygiene. A cure rate of 100 per cent was 
obtained with therapy given for seven days. Pyrvinium 
chloride was equally effective therapeutically, but seemed 
more toxic and was somewhat unpalatable. 


TREATMENT FOR MYASTHENIA. Carotid sinus denervation as a 
surgical treatment for myasthenia was performed on 32 
patients, with four complete clinical cures and 10 "fair 
to good" results, it was reported at the Second Inter- 
national Symposium on Myasthenia Gravis, held in Los 
Angeles recently. The surgery seems to be most suc- 
cessful in men in whom the disease began before age 35 
and was not accompanied by thymoma. Only one clinical 
cure after surgery was reported among the women patients. 


HEALING AND VITAMIN C. Animal studies have revealed that 
there is a direct relationship between the amount of vita- 
min C in the diet and the strength of healing wounds, it 

was reported at the meeting of the American Institute of 

Nutrition. The studies also showed a higher concentration 
of vitamin C in wound and scar tissue than in other muscle 
tissues. A single observation on a 30-year-old scar in 

a human being has also shown this higher concentration of 
the vitamin. Further studies are in progress to determine 
the exact metabolic role played by the antiscurvy vitamin 


in wound healing. 


URICOSURIC AGENT. A new drug for gout reported to be four 
to six times as potent as other uricosuric agents is 
sulfinpyrazone (Anturan, Geigy). In patients observed for 
as long as one year, sulfinpyrazone maintained serum uric 
acid levels within normal limits. The new drug is reported 
to reduce the number and severity of acute seizures and to 
prevent the formation of new tophi; crystals already 
present are gradually dissipated through mobilization 

and increased urinary clearance. 
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Daily we read of mental mechanisms, of com 


We live in an age of psychology 
plexes, of the unconscious, of feelings of inferiority, of Freud and Jung, of psycho 


somatic medicine and, of ataraxics. There ts a growing public appreciation of the 


facts relating to mental disorder and to normal mental functioning, while the care 
of the mentally ill in hospitals and clinics receives much attention trom legislative 


bodies and the general public. Today the mentally ill are looked on as treatable, as 


sick, not of their own fault, and they are viewed with vastly greater compassion 


than was the case even 75 years ago 
In all ages men have been interested in human behavior and motivations and have 


attempted in one way or another to explain mental peculiarities. We flatter our 


selves that we understand much more about the vagaries of human behavior than 
we did even a quarter of a century ago, but there certainly are sall many gaps in our 
If, with all our present understanding of psychology, of physiology 


knowledge 
and heredity, we stall have 


and anatomy, of the effects of environment, carly nurture, 
much to learn, what should we expect of the attitudes and knowledge in the time 


of Shakespeare, nearly 400 years ago? Just as today, there were then generally 


held beliefs on the nature, the causation, and the treatment of mental disorder. It 
seems appropriate on the occasion of this, the anniversary of the birth of the great 
dramatist, to review some of the notions that were prevalent in his day and that, like 
everything clse that was of common knowledge then, were familiar to him. In 


Elizabethan times there was, of course, no such word as “psychiatry” and the re 


lated word “ psychology’’ was invented by a German only in the latter part ot 


Shakespeare's life (2590 
but it did not gain common currency until the close of World War I 
here is no question that in Shakespeare's time, as in all pe riods of human history, 


there were persons who behaved in such a peculiar manner that they wer considered 


The word psychiatry so tar has been traced back to 1817, 


to be abnormal. Some of the conditions were looked on as proper subjects tor treat 


ment by the physician whereas others, particularly those thought to be due to 


demontacal possession, were held to tall within the domain of the clergy. Various 


terms were applied to the victims of mental illness. They were reterred to as maniacs, 
as melancholics, as suffering from phrenitis, frenzy, lunacy, 


In viewing Shakespeare's delineations of madness and tolly we must try to 
It 1s some of the medical 


or demoniac al posses 


sion 
view them through the eves of the medicine of that pertod 
ideas prevalent in his day that | would present to you here 


\s a preliminary warn 


* Presented at the Folger Shakespeare Library, Washington, D. ¢ nm Shakespear birthday, Apr 
1y5s The author ts grateful to the staff of the Folger Library and to M Elizabeth Rea brarian of 
Saint Elizabeths Hospital, for assistance in the preparat this paper. This article 1s reprinted 


with permission from SAakerpeare Quarter!) 19) no. 3, summer iss 
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ing against the ‘‘contemporization”’ of history, we may quote from Dr. Robert 
Willis, the translator of the works of Harvey :' 
The interpretation which successive generations of men give to a passage in a writer some 
century or two old is very apt to be in consonance with the state of knowledge at the time, 
in harmony with the prevailing ideas of the day, and doubtless, often differs signally from the 
meaning that was in the mind of the man who composed it. The world saw nothing of the 
circulation of the blood in Servetus, Columbus, Cacsalpinus or Shakespeare until after William 


Harvey had taught and written 


Let us, then, try to assume for the nonce an Elizabethan state of mind and 
knowledge 

One branch of knowledge in Shakespeare's time had to do with astrology, that ts, 
the influence of the planets on human affairs?) * The belief that the heavenly 
bodies influenced the lives of men and women ts nothing new. It has a history one 
to which there ts no parallel of 6000 years and was held in Mesopotamia, India, 
China, and ancient Greece, and in all of Europe during the Middle Ages and the 
Renaissance. Indeed, to the Elizabethan such a belief was entirely logical. The 
effects of the sun in furnishing light and warmth to the earth were manifest to all, 
and the waxing and waning of the moon and its influence on the tides were familiar 
Why, then, should not the other planets have an effect on the carth and its inhabr 
tants? In the philosophy of the time, the macrocosm, or universe, was inextricably 
linked with the microcosm, man. Even today, booklets purporting to give the 
horoscope of the curious purchaser based on the sign of the zodiac under which he 
was born are readily obtained, and in every large city one or more astrologers are 
listed in the telephone directory 

In Shakespeare's day belict in astrology was widespread, and although a few 
writers such as Bacon had attacked astrologers, they had done it on the basis of the 
trickery of the practitioners rather than on the basic truth or falsity of the alleged 
scrence Phe conjunction and the opposition of the planets at the time of a man’s 
birth influenced the proportions of the humors that were found in his body and 
theretore had to do with his temperament or complexion” choleric, sanguine, 
phlegmatic, or melancholic. Indeed, the course of a man’s lite and his death were 
influenced by the stars, and could be predicted. Chaucer, tor example, said: 


For in the sterres, clerer than ts glas, 


Is writen, god wor, who-so coude it rede 
The deeth of every man, withouten dred« 
but mennes wittes been so dulle, 


That no wight can wel rede it atte tulle 


Burton, author of the Anatomy of Melancholy, was said to be “an exact calculator 


of nativitics’” and reputedly predicted the date of his death by his horoscope. The 


planet Saturn, for instance, was looked on as malign and as tending to cause an 
excess of black bile, thus producing melancholy. Most of the arguments that were 


alleged against astrology were theological in nature, but obviously the whole 
doctrine could hardly be retuted as long as the geocentric astronomy of Prolemy held 
sway. It ts interesting to note that the sun and the moon were numbered with the 
other five planets Saturn, Jupiter, Mars, Venus, and Mercury 
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The personal physician to Henry VIIL and Elizabeth 1, Thomas Vicary,® believed 
in the influence of the moon and stars on the organs, and Dariot,* another physician, 
wrote a volume on astrology. Elizabeth I, likewise, retained as one of her advisers 
John Dee, a notorious astrologer, and apparently was much guided by his advice 
Astrology purported to teach the Elizabethan to know his friends and enemies, to 
prepare him for the future, and indeed to answer every question. Not only could 
astrology predict the success in lite of individuals, but the planets were thought to 
have much to do with the proper times for bleeding, tor gathering medicinal herbs, 
or for preparing the soil for planting. Chaucer spoke of the Doctor of Physic among 
his Canterbury pilgrims who was "grounded in astronomye’’ and © wel coude 

fortunen the ascendent of his images for his pacient In the time of Shakespeare 
as well, astrology played an important part in the training of the physician, the 
balance of the humors, the outcome of the disease, and the nature of the herbs to be 
used in treatment were influenced by the planet under which the patient was born 
Burton’ quoted Paracelsus as opining that a physician without che knowledge of 
stars cannot ‘either understand the cause or cure of any disease, either of this, or 
gout, nor so much as toothache, except he see the peculiar geniture and scheme of the 
affected." He added that “the constellation alone many times produceth 
He gave instance “in lunatic persons that 
however, that the 


party 
melancholy, all other causes set apart 
are deprived of their wits by the moon's motion,” but added, 


stars ‘do but incline and that so gently, that if we will be ruled by reason they have 


no power over us; but if we follow our own nature and be led by sense they do as 


much tn us as in brute beasts and we are no better Sir Thomas Browne, the emi 


nent physician, warned, Do not reject or condemn a sober and re gulated Astrology, 


there ts more truth therein than in astrologers , we deny not the influence of the 


Stars.” 
Burton and Browne wrote soon atter Shakespeare's death, although their views 


were those in vogue earlier, for example, Boorde’ spoke of “a lunatic which will 


he ravished of his wits once a moon, for as the moon doth change and ts vartable so 


he those persons mutable and not constant witted.”” Again, Vicary® said p. 17 


Also the brain hath this property that it moveth and followeth the moving of the moor 


for in the waxing of the moon the brain followeth upwards, and in the wat ff the mow 
the brain descendeth downwards and vanisheth in substance of virtue, and this is proved 
in men that be lunatic or mad and also in men that be epulentic or having the falling 
ickness, that be most grieved in the beginning of the new moon and the latter quart t 


It was generally believed, then, that the phases of the moon had much to do with 
mental illness, perhaps in causation but certainly in aggravation and amelioration 
Webster, in his Duchess of Malti, for instance says, "Madmen act their gambols to 


the full of the moon 


Shakespeare was familiar with the terms “lunacy” and ‘lunatic’ and with thes 


other notions concerning the astrological intluence on behavior. Indeed, he made 


more than 100 astrological allusions in his plays and sonnets, although he did not 


once use the word ‘‘ astrology’’; instead he used “astronomy” consistently. Whether 


At any rate, we 


or not he believed in astrology is, however, an academic question 
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may be sure that Shakespeare's listeners were familiar with astrological beliefs and 
that mention of such belicts struck a responsive chord. For Shakespeare, said 
Wedel,'" astrology was principally a convenient source for figures of speech." 

The influence of the planets, then, was considered to be one of the factors in what 
passed for psychiatric etiology in the Elizabethan period. Another factor was the 
supernatural, as exemplified in witchcraft. 

In Shakespeare's day the belief in witchcraft was universal, not only in England 
and Scotland, but on the Continent.'' '* Indeed, the excesses of the witch hunters 
in England and Scotland were relatively mild compared with the savagery exhibited 
in France and Germany. The belief in the power of the supernatural and its media- 
tion by human beings stems from scriptural days, 1t was thought that to deny witch- 
craft was practically to be an atheist. By the time of Henry VIII, witchcraft, tor- 
merly punished, usually with penance, by the ecclesiastical courts, had been taken 
under the jurisdiction of the civil courts, and those convicted of witchcraft were 
otten executed as criminals. In 1563, under Elizabeth I, a statute was enacted de- 
creeing imprisonment for the first and death for the second offense of sorcery or any 
damage to property or persons by means of witchcraft; by the time of James I, in 
1604, a still more rigorous law was passed. Estimates vary as to the number of 
persons executed on charges of practicing witchcraft, in the time of James I, nearly 
half of all persons accused of witchcraft were hanged, and the numbers were in the 
thousands. Indeed, Matthew Hopkins, the witch-finder,’” himself hanged in 1647, 
alone caused the death of more than 4000 witches! Such trials and executions were 
tar from uncommon during Shakespeare's lifetime and for a long period thereafter 
This belict in the power of witches to do evil had a bearing, ster alta, on the inter- 
pretation of mental symptoms 

Phe witch, or less often the wizard, was in a compact with the devil, had power to 
evoke the devil and various spirits and through their power to cause damage, illness, 
and death, Glanvil'® said, “A witch ts one who can do or seems to do strange 
things beyond the known power of art and ordinary nature, by virtue of a conteder- 
ation with evil spirits. The strange things are really performed and are not all 
impostures and delusions.’" Whatever baffled the physician in the line of illness 
was conveniently ascribed to witchcraft, just as today we hear of bacteria, viruses, 
allergies, and “ psychosomatic’’ illness. Many physical complaints such as sudden 
ilInesses were laid to this cause, and fits, with or without loss of consciousness, were 
thought to be almost characteristic of bewitchment.* Some of the alleged victims 
vomited pins and nails, and there was much speculation as to how these foreign 
bodies were introduced into the body of the subject. Actually, the fits, the vomiting 


of the pins, and the rest were largely due to an hysterical desire tor attention by the 


highly suggestible, or the result of direct umposture. Not only human beings were 
the object of the witches’ machinations; animals sickened and died, storms were 
brewed, tires were caused. The witches could summon spirits, who in the form of 


* The following quotation ts apropos As the modern reader ghibly interprets human duct in tet 


4 Freud, Jung, or whosoever may be his pet theorist, so the Tudor and Stuart citizen found satistactory 


explanations in Bright, Walkington, Huarte, Charron and other writers who clucidated the always inter 


sting question of the reason’s for man’s behavior 
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succubi and incubi had carnal relations with human beings, or could cause impotence, 
sterility, or abortion. Witches, too, could bring about apparitions, could leave the 
room through a keyhole and go to distant places, or by the use of ointments make 
themselves invisible. The idea of the witches’ Sabbath was much more common on 
the Continent than in England, but many strange tales were told by witches in their 
alleged ‘‘confessions,”’ ¢.g., that they had attended revelries at which they had 
sexual relations with devils and perhaps even engaged in cannibalistic activities 
These confessions, as we read them today, are obviously the expression of delusions 
entertained by psychotic persons or statements extorted by severe torture. In short, 
almost any evil was attributed to the activities of these witches through their con 
federacy with the devil 
The modus operand: of bewitching was explained by Sir Dr.) Thomas Browne, 
one of the best known physicians in the Stuart period, during a trial of witches in 
1665 
That the devil did work upon the bodies of men and women upon a natural founda 


tion, (that is to stir up and excite such humors super-abounding in their bodies to a great 


ss, whereby he did in an extraordinary manner afflict them with such distempers 


these swooning fits were natural, and nothing else but that 


CXCE as ther 


bodies were most subject to 
they call the mother ‘hysteria , but only heightened to a great excess by the subtility 


the devil, cooperating with the malice of those which we term witches, at whos ta 


he doth these villaimies 


Another type of dithculty was supposedly caused by the witches, namely, the 


torm of mental illness or madness known as demoniacal possession. King James I, 


in his Demonology said, 


They ‘the witches can make folks to become phrenetic or maniac, which likew ' \ 
possible to their master to do, since they are but natural sicknesses. And likewise they cat 
make some to be possessed with spirits and so to become very demontacs, and this last 
is very possible likewise to the devil their master to do, since he may casily lh 


angels to trouble in what form he pleases any whom G d will permit him sot 


One of the four general types of madness was called demoniacus, which Boorde, 
in his Breveary of Healthe, said is caused by the possession of the devil and 1s” worse 
than the maniac.’ He told of a German woman who was brought to Rome whilk 


he was there and who was exorcised at St. Peter's. He commented that she must do 


penance or she will have eternal punishment and added, as to the demoniacs, that 
no man can help them but God and the King’ book 2, Extravagantes, tolios 5 
and 7). If they did not respond to exorcism and prayer they were likely to be sub 
jected to torture and imprisonment. It seems likely that when Shakespeare used 
He 1s sure possessed, Madam’ Twelfth Night , or How long 


suc h expre sstons as 
Comedy of Errors), or For nature so preposter 


hath this possession held the man? 
ously to err sans witchcraft could not be’ | Orhello 
We may note, too, that the witches in Macbeth have 


he was using something more 


than a mere figure of speech 
beards and disappear suddenly = two marks of the true witch 
America, as 


Many volumes have been written on witchcraft in old England and 
well as on the Continent, but ame does not permit a tull discussion of this interesting 
We should add, however, that there were those who 


and tragic popular delusion 
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spoke out against this belief. One of the most powerful of these was Johannes 
Wever of Germany, a student of Henry Cornelius Agrippa.** Reginald Scot,** in 
England, based his attack on witchcraft largely on Wevyer'’s writings. Neither 
Weyer nor Scot nor the few others who dared to speak out against witchcraft, how- 
ever, denied the existence of spirits or the possibility that human beings could make 
compacts with spirits. Sir Thomas Browne*® said in his Re/sgso Medics, 


For my part | have ever believed and do now know that there are witches They that 
doubt of these do not only deny them but spirits and are obliquely and upon consequence a 
sort not of infidels but atheists I could believe that spirits use with men the act of cat 
nality and that in both sexes | hold that the devil doth really possess some men, the spirit 


of melancholy others, the spirit of delusion others 


The Mallews Maleficarum®*® (1490), which may be referred to as the bible of the 
witch hunters, devoted a whole chapter to the method by which devils through the 
operations of witches sometimes actually possess men. Zilboorg has well said that 


if in reading this volume we substituted the word © patient’’ tor“ witch,’ we should 
have a veritable textbook of psychopathology 

Partly under the influence of physicians like Cotta®’ and clergymen like Bekker” 
and Hutchinson,” the witch mania gradually subsided about a century after Shakes 
peare, the last execution, indeed, occurring in 1684 in England. There was an 
execution in Scotland in 1711 and in 1712 a conviction in England, which, however, 
resulted ina pardon. Finally, in 1736 prosecutions for witchcratt were forbidden by 
an act of Parliament. This act, interestingly enough, ts still in force, and as recently 
as 1944 R. v. Duncan, 2 11944) All E.R. 220) a conviction was had under it on the 
charge of pretence to conjuration contrary to the Witchcrate Act.” The court 
pointed out that the law does not reter to conjuration of evil spirits only but that tt ts 
the pretense that 1s the gist of the crime. At the time this Witchcraft Act was 
passed it may be noted that John Wesley, among others, lamented the decadence ot 
a belict in witches. Indeed, he thought that giving up this belict was almost equiva 
lent to giving up the Bible itself! 

Passing trom this topic we may say in summary chat belief in witchcrate, like 
belict in astrology, was prevalent in the time of Shakespeare, it certainly affected 
the interpretation of mental phenomena by the public and very likely as well by 
Shakespeare himselt 

So tar we have considered what may be termed the extrancous influences that 
plaved on man and influenced or governed his behavior and, indeed, his destiny 
What of the anatomical and physiological belicts of the me? How did the human 
organism function? Essentially, the belicts were those that had been handed down 
from Galen, about a.p. 200. During the whole of the Dark Ages and ot the Middle 
Ages his teachings had acquired almost the standing of a religious dogma, and to 
doubt what Galen had satd about the structure or the function of the body or the 
treatment of its diseases was almost tantamount to heresy. Some brave souls, how 
ever, had dared to investigate and to doubt. Vesalius, by his caretul dissections, had 
disproved many of the anatomical errors of Galen (1543), 1n the same vear, indeed, 
that Copernicus had begun the demolition of the geocentric basis of the existing 
astronomy. Harvey, the discoverer of the circulation of the blood, thought it wise 
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to have the first edition of his work (1628) published in Germany rather than in 
England. He may have remembered what happened to Galileo and been mindtul 
of the fact that Servetus, the discoverer of the pulmonic circulation, had been burned 
at the stake on Calvin's orders, even though it was actually tor his theological views 
rather than for those on physiology! 

The fundamentals of physiology, as they were still known in the time of Shakes 
peare, were briefly as follows:*! The basic principle of lite was known as the spirit 
or pneuma and was drawn from the world spirit in the act of breathing, entering 
through the trachea into the lungs and then by way of what we now call! the pulmonk 
vein to the left ventricle. Food was carried as chyle to the liver the “shop ot 
blood,’ as Lemnius*® called it) by the portal vein. It was there converted to blood 
and endowed in some unexplained way with natural spirit, this bestowed the power 
of growth and nutrition. Part of the blood was supposed to go to the right side of 


the heart, where it gave off its impurities by way of what we now call the pulmont 
thus continually 


artery, these being exhaled through the lungs. The venous blood, 
purified, ebbed to and fro in the veins for nutrition, A small part of this blood 


passed through invisible pores into the left ventricle, where it was mixed with air, 
This moved to and 


thus becoming arterial blood and charged with vital spirit 
If it reached the brain it be 


fro in the arteries, giving the function to the organs 
came charged with the third kind of spirit, the animal spirit. This was carried 
trom the brain through the nerves which were thought to be hollow. and initiated 
According to the generally 
id 


the higher functions such as motion and sensation 


accepted scheme of things, there were tour clements, namely, earth, cold ar 
These in turn were 


water, cold and moist, air, hot and morse, and tire, hot and dry 
choler or vellow 


influenced by the humors, also four in number, these being blood, 
bile, phlegm, and black bile. Depending on the mixtures of the clements and the 


proportion of the humors in the body, there were various complexions or tempera 


ments named after the humors, the sanguine, the phlegmatic, the choleri, and che 
general 


melancholic words that are in common speech today as indicating th 


It there was an equal counterporse and balan 
} 


ot the 


temperament of individuals 


elements and the humors, the person was said to be © well-tempered, © but if onc 


ill-tempered Again, if the humors were in good 


predominated then he was 
balance the individual was ‘in good humor.’ It was this balance of the clements 


that Shakespeare had in mind when he made Antony sav of Brutus 


His lite was gentle, and th lement 


So mixed in him, that Natur might tand | 


world This was a mat 


lth 


Burton, in his Anatomy of Melancholy, detined a humor as © a liquid or thuent part 
inate of 


of the body comprehended in it tor the preservation of 1, and 1s either 
128). It ts of some interest that 


born with us, or adventitious and acquisite p 
use of this term by 


within the last few vears or so there has been a recurrence of the 


neurophysiologists, who now speak of neurohumors 
Depending on the predominance of one humor or another there were charac tertstn 
The sanguine man, tor example, was handsome 


physical and psychological types 
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physically, had a happy outlook on lite and considerable charm of personality. He 
was also, however, subject to violent lusts and passions and ran the risk of unre- 
quited love, which might then give him melancholy. The choleric man, particu- 
larly the one born under Mars, was violent and shameless or else deceitful and con- 
spiring, like Cassius in Julius Caesar, he might have a “lean and hungry look.” 
The phlegmatic type was fond of luxury, and if he had been born under the moon he 


might be a too) and a coward. The melancholy type was the one of which we read 
the most in Elizabethan literature. The first book by an English physician on mental 
diseases, Timothy Bright's Treatise on Melancholy, tirst published in 1586, which was 
probably well known to Shakespeare, was devoted entirely to the subject. Burton's 
Anatomy of Melancholy dealt exhaustively with the topic. Of Burton's work Sir 
William Osler®® said, {It} is a great medical treatise, orderly in arrangement, serious 
in purpose, and weighty beyond belict with authorities.” Although it did not appear 
until five vears after Shakespeare's death, 1t ts an omnium gatherum ot the literature 
on the topic back to classical times, it certainly represents most of the views on mental 
disorder that prevailed in the Elizabethan period 
The melancholic man was supposed to be lean, with hard skin and dusky color, 
subject to various physical diseases and numerous psychological hazards. In general 
he slept badly, had fearful dreams, was timorous, full of fear, doubt, and distrust, 
and one whom “nothing can please but only discontentment.”” Walkington'! spoke 
ot the man of melancholic complexion as either God or demon and added, ‘He ts 
like a huge vessel on the rolling sea. It ts either hoist up to the ridge of a main 
billow or clse hurried down to the bottom of the sea valley’ a very suggestive 
passage, indicating that even in Shakespeare's day it was recognized that the alter 
nating clation and depression of what today we call the manic-depressive tempera 
ment were not unusual. Du Laurens® said that melancholy men are witty, since 
the humor causeth the divine ravishment or enthusiasm which stirreth men up to 
play the philosopher, poet, and also to prophesy.”’ It was generally believed also 
that the melancholy individual was particularly subject to demonic intluence. Juan 
Huarte * wrote that Aristotle said that all men who signalized themselves in science 
were melancholic, in his opinion the melancholic humor was the cause of integrity 
and constancy. This humor, which ts hot and dry, he said, © gives us courage, 
pride, liberality, audacity, cheertulness, and pleasantness."’ Thus, it seems that the 
person possessed of what was termed ‘natural melancholy’ had some very usctul 
traits. Perhaps itis tor this reason that we read in Elizabethan literature much more 
about this type of person than any other. Indeed Protessor Lawrence Babb" has 
written a comprehensive study, entitled The El:zgabethan Malady, concerning the way 
natural melancholy was treated in the literature of the time 
There were cases, however, according to the writers, in which melancholy became 
“unnatural,” that ts, a form ot mental tllness, along with mania, phrenitis the type 
of mental illness with fever or, as we should say today, delirium), demontacal pos 
session, and lunacy (the type occurring once in a moon). Du Laurens discussed 
dotage, which was the general term tor mental illness. © This,’ he said,‘ occurs when 
some of the principal faculties of the mind, as imagination or reason, ts corrupted 
All melancholy persons have their imagination troubled.’ This condition ts 
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usually without fever because the humor ts drv. It the humor becomes shut up tn 


the ventricles of the brain, however, it causes talling sickness eptlepsy In the 


melancholy dotage without fever, the patient has tor his ordinary companions — teat 


and sadness without any apparent occasion Dotage with tever tt continued ts 


called trenzy through inflammation of the brain and its membranes or of the muscles 
p. 87). Under certain circumstances this or anv ot 


alled draphragma ot phren 
Elizabethan term 


the other humors might become overheated, burned, or, in the 


adust 


Ot the tvpes of mental disorder not clearly due to extrancous influences, particu 


arly ot a supernatural nature, it was generally agreed by the writers ot Shakes 


neare’s time that the brain was at fault in cases of madness. Shakespeare, indeed 


used the phrase‘ brain-sick’’ several ames, as in referring to ‘the bedlam brain-sick 


luchess Henry V1, part 2 


Another physical symptom of madness was thought to be the pulse, which was 


ularorrapid ast might well be in an excited patient Ir asco chis chat Hamlet 


tor instance, when he savs, “my pulse, as vours, d ith cemperately keep um 


attempting to prove that he ts not truly mad In other words, the Elizabethan 
mental illness largely on an organic basis described three cells ot 
at of imagination, the mid 


the anterior one being the s« 
yosterior one of memory Although a rtain amount o 
} 


and 


ompartmentalization Was supposed it is mteresting that Huarte at least stated that 


three taculties are united in cach ventricle, thus anticipating 
| 


organism fourth ventrick as sal 
im them into animal spirits 
parts of the body Huarte mad e comment that itt 
horling 


far from 


and nu win 


Astor the symptoms, Boorde’ tolto 
Thinking to hear or s¢ The patient may think hims 
Other symptoms described at 
estlessness, and teartul dreams. The p. 
itraryv to light Phe picture of unnatural melanche 


al picture seen in lepressions with a certamn amount 


of surcide was recognized. W 


langet 


r types of mental tHness in the Elizabethan literature, and relatis 
sof the actions of the maniac, of the phrenetic, an fot the demonta 
tound particularly in Connection with bedlam 


Phe outlook for these mental conditions was rather guarded 


hes lunatics are 


more later 
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cctcrs, 

mn 

the 

on | 

tri chic 

tine the vital 

ive sense and Ss 

fortunate that 

fconcoction of 

the tood and obscuritv and clouds cast on the animal spirits by the vapors, th i@ 

rationa should be discomposed in reasoning : 
a unnatural melancholy were numerous and various Batma po 

Bartholon tor example, listed (melancholy meats, strong wine that burneth th : 

mors, pas ns of the soul. great study, the bieing of a woode hound mad dog : 
ther venomous beast rrupt and stilent air and corrupe humor Vari 

| 

were desertbed too, such as head melancholy, love melancholy who 

r hve icknes 

t tant t God 

int 

watch 
sight t tor 
humors are co not 
nhke the Agicacion 
than of the orl \ 
sct 
ire tound. R 
- x 


Boorde, for instance, wrote’ (folio 65 that ‘madness may come by nature and kind 


able. or clse it may come by great fear or great study Presum 


and then ts incur 
‘Frenzy is with tever, 


ably, in the latter type the outlook 1s better. He continued 
Madness comes of a corrupt blood in the head or of 


so is not mania or madness 
a bilious blood intrused in the head, or weakness of the brain which letteth | prevents 


p or turning upso down of the head which doth make the madness 


a man to slee 
Many of the milder cases were 
and the books are full of descriptions of the various sorts of treatment that should 
First, since the condition was due to a perturbation of the humors, tt was 
| ot them as muc h as possible Conse 


cared for outside of Bedlam, usually in the home, 


be given 
important that the patient should be relieves 
| bloodletting frequently prescribed, as well as various purges Upw ard 


and downward. Burton wrote’ p. 383 that it was the common 
Thus, he 


quently we fin 


that is, emetics 
of some men to go first to a witch and then to a physician 


practic 
‘If a disease is caused by 


wrote, if they cannot bend Heaven they will crv hell 


incantation,’ he wrote, it must be cured by it,” although, he added, others object 


to this statement. He wrote likewrse of exorcisms, fire, suffumigation, lights, cucting 


the air with swords, and herbs and odors. Since the external senses are doors tot 


Impressions from the outer world, a pleasant house and apparel, music and pleasant 


sights, good studies and exercises were recommended 
‘wrote of ornamentation, of precious stones ‘which have a virtue against 


Bright 
such as the carbuncle, chalcedony, ruby, and 


vain fears and baseness of courage, 
turquoise. He added, © As tor turtous melancholy, I leave it to be cured as disease 
Diet was considered to be important, since what was taken into the 


Broths and sirups, tor 


and sickness 
stomach affected the ‘decoction of the humors tn the liver 
Various kinds of exercise were also presc ribed 
used. they were almost literally legion 
He evidently 


example, would mousten the humors 
As for the various remedies that were 


Indeed. Burton devoted more than 40 pages to the topic of medicines 


liad some doubt in spite of all of this consideration, tor he re marked that (Many 


an old wite doth more good than our bombast physicians, and again, concerning 


the different prescriptions of various authorities, he wrote, ° But cach man must 
1 alter, to show his skill, every opimionative fellow must maintain his 


the Grecks suffer, they dote, and 


correct: am 
own paradox, be it w hat it will, the Kings rage, 
in the meantime the poor patients pay for their new experiments, the commonalty 
ruc it Although various precious stones and gold were sometimes used, the greatest 


emphasts was laid on herbs and simples Polypharmacy was certainly popular 


Mithridates, clectuaries, apozemes, and other compounds contained a huge number ot 
constituents, so many, indeed, that Burton well remarked’ pp. 563 606, especially 
pp. 563 and Three hundred simples tn a julip, potion, or a little pall, 


end or purpose?’’ As an cxample, consider the recipe for an apozeme decoction 


o what 


given by Du Laurens p. 159 


Take of the roo campat the rind 
a ul of borag h 
ps of thyme and balm, of ch a handtul, of an 
drams, ot the thr 


chem all in tount {a halt, put ther 
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anv ¢ tne have ! tle or no Medicina Valuc ana thc mes 


of them are strange to us today, such as betony, borage, bugloss, and carduus 
dictus. Others, like hops and marigold, are familiar to us in other connections 
Black hellebore, recommended by the Greeks, was still in use in Shakespeare's time 


Burton noted, “It was generally so much esteemed of the ancients tor this disease 
among the rest that thev sent all such as were crazed, or that doted, to the Ant 
cvrians, to be purged, where this plant was in abundance to be had. In Strabo's 


time it was an ordinary vovage, sail to Anticvra, a common proverb, to bid a dizzard 


or a madman to take hellebor« Another drug mentioned by. Burton, although 


is not found anvwhere in Shakespeare's works, ts tobacco, which had been introdu 


by Sir Walter Raleigh) Wrote Burton’ pp. 5 


Tobacco, or henbane of Peru, is described in Gerard's Herba 
migraine and fits of the mother Gerard added, “It purges up and dows One 
author, de Lancre 1612) ,* accused witches of using tobacco, presumably to tacilitat 


their trances, adding, ‘it makes their breath and bodies stink With regard to the 


question of the fits, it should be mentioned that the “mother,” the matrix or the 


uterus, was thought to move up and down during a fit, thus causing suffocation 
and various symptoms that today we know under the name of hysteria, Shakespear 
referred to this condition in King Lear: “Oh, how this mother swells up toward 
my heart. Hysterica passto! Down, thou climbing sorrow, thy clement 

One other drug is worthy of mention, namely, the mandrake or mandragora. Ger. 
wrote that there are many ridiculous tales about this herb, that itis said that wher 
it is pulied from the earth it shricks and that the roots have the shape of a man or a 
woman It hath drowsy and sleeping powers,’ he wrot Shakespeare had lago 


say, for example 


As tor the results ot these drastic medications, statistics are not available Evidently 
some patients at least survived! 
What of the mentally ill who were so disturbed that they appeared to 
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t the syrup of hops two ounces, and as much of the syrup of fumstory, and make th ta 
apozem larity it and aromatize it with a dram of the powder of an woot tua ; 
le gemn t must be taken mor gs togeth 
Toba fivar rar t toba e@ tar bev fa 
potable gold, and pt yphet t ‘ lv toa ‘ A good 
tk rtuous herb if it t qualitied pport v tak and ally 
but as it mmonly abu {bv n tn t iplag i t 
good and. health. } d and he d 1 } 
body and 
Not poppy mMandragora : 
all the drowsy swrug 
Sha ' th t that ‘ t 
Which el dst vesterday 
* Quoted by Dick Dick ref La grapl xtra ary a 
tow f witch 


In Shakespeare's time there stood near the Bishop's Gate 
Founded 


without the city wall of London a hospital, or asylum, for the mentally ill 


in 1247 as the Priory of St. Mary of Bethlehem, the hospital had from 1377 on been 
used for the care, or at least the confinement, of mad, lunatic, and distracted persons 


Phe name soon became corrupted from Bethlehem to Bethlem and thence to Bedlam, 
From the carly days the 


thus adding a picturesque and vivid word to the language 
institution was referred to as a hospital, but chat face should not mislead us into 


The 


unfortunate persons who were sent there were the more obviously deranged, but 


picturing it as having any resemblance to one of our modern establishments 


once they had entered within those walls they were looked on as objects of scorn and 
It is of interest as reflecting Shakespeare's humane attitude toward the 


derision 
mentally il] that in contrast with his contemporaries such as Peele and Middleton, 
In employing the tool tor 


he rarely used the mentally deranged tor comic reliet 
of course, following the stage tradition of his 


Furthermore, the tool was a professional, and was often far from being 


comic purposes as he did, he was, 


times 


mentally retarded 
In Bedlam the sexes were mingled no attempts were made at any sort of sanitation, 


It was reported in 1631, for example, that the patients 


heating, or proper feeding 


had had nothing tor days but scraps, and © were like to starve The inmates wer 
chained and often whipped, kept in dark cells, and used as objects of entertainment 
tor the public, who were allowed to visit for a tec 

| 


More wrote of a man who had been put into Bedlam and afterwar 


Sir Thoma 


1 correction had gathered his remembrances to come again to him 


by } ating am 
When the patient relapsed and made something of a nuisance of himself, the 


sclt 
chancellor Caused him to be bound to a tree in the street before the whole town 
while constables “striked him with rods ‘til they waxed weary More added 
Verily, God be thanked, | hear no harm of him now Again, in Dekker’s play 
The Honest Whore, one of the characters savs, '" Yes, forsooth | am one of the Impl 
ments. | sweep the madmen’s rooms and fetch straw tor ‘em and buy chains to tr 
em and rods to whip ‘em. T was a mad wag mysclf here once but | thank Fathet 
Anselm He lashed me into my right mind again This scene ts laid in the’ Beth 


but obviously reters to the Bethlehem Hospital. Such 


lehem Vionasterv near Milan 
patients received, then, was a combination of crucley and svstemati 
Darkness, 


treatment as 


rtunate, indeed, was the victim who survived 


neglect | 
nsidered a cure tor trenzv, since as Batman upon Bartholom« 


wrot 


It takes away the imagination that cometh by the sight 


p. Sst 
A retet to the behavior and symptoms of the inmates is found in Lavater 
madmen which have utterly lose the use of reason, or are vexed by God's permits 


sion with a devil 


Their sight decerveth them, tnsomuch as they mistake one man tor another 
in Bedlam houses where mad and trantic men arc 


do marvelous things, talk of many vistons and divers other 


matters 
which thing we see by experienc 
kept 
Presumably the prevathing treatment of the instrtutionalized mentally ill was a 
accordingly we find a number of references in Shak« 
a madness and deserves as 


matter of common knowledge, 
Rosalind’s remark that “love is merely 


speare's plavs 
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well a dark house and a whip as madmen, Romeo's comment that he ts bound 
more than a madman,’ and Pinch’s advice that ‘they must be bound and latd tn 
some dark room 

One of the stock characters in Shakespeare's time was Bedlam From 
time to time the governors had to relieve the crowding at Bedlam by discharging 
patients whose cure was, to say the least, doubttul. Thrown upon the world, home 
less and without friends, these patients wandered about the countryside chanting 
wild ditties and wearing a fantastical dress to attract the notice and the alms ot the 


charitable. Some of their actions are described in Edgar's soliloquy in King Lear 


thus 
Kedlam beggar who wath wring 
Strike in their numbed and mortitted bare arn 
Pins, wooder pricks nai prigs of rosemary 
And with this horrible object, bars 
Sometimes wrth atu ba with pray 
Enforce their charity 


Among the half dozen mad songs” in Percy's! Re/iques* 1s one entitled, Old 
Tom of Bedlam,’* which starts as tollows 
Forth from my sad and darkson 
On trom the d cp aby wih 


Mad Tom is con to the world aga 


Tos th an cure h listempered bra 


That songs of this sort were well known ts indicated in a line trom Ben Jonson s 
The Devil 1s an Ass: Your best song's Thom o Bet lem In another song with the 


same title, the subject sings that he has been 


In durat soundly caged 

In the lordly lofts of Bedlan 

On stubble soft and dainty 

Krave strong, swect whips ting 


With wholesome hunger plenty 


These patients apparently had some sort of a license, or at least were permitted 
by custom, to go begging, and they wore about their necks a great horn) When thes 
came to a house they would blow the horn and then put a stopple in te to contain 
the drink that might be given to them. This ts apparently the reference in Arm 
lear, Poor Tom, thy horn ts dry So much was the '' Bedlam begging abused 
that in 1675 the governors of Bedlam found it necessary to announce’ p 138) that 
no patients were discharged with a license to beg! 

Bedlam was moved to a new building in 1674, and apparently steps were taken 
atter that time to segregate the sexes. It 1s doubttul whether very much improve 


* Percy commented 3§0 Ie is worth attention, that che Englist g ballad 
the subject of madness, than anv of their neighbour Whether tt that wea able to tl alamuty 
tha ther nations, or whether our nati gloom hath p arly mn fed by teh ‘ 
to our writers, the fact 1s incontestabl 
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ment had come about, however, by the time Hogarth in the 1730's was making his 
etchings of Rake's Progress His “Scene in Bedlam” ts, of course, tamtliar 
toall. The beginning of humane care of the mentally ill in English hospitals dates 
from the founding of the York Retreat by the Quakers in 1792 

The question naturally arises, how much of astrology, of witchcraft, and of the 
humoral pathology did Shakespeare himself believe? It 1s dithcult, if not impossible, 
to speak with finality on this question. He was perhaps the most accurate mirror 
ever held up to mankind, a keen observer, one who knew human nature, and who 


depicted it with truth. He was a dramatist, well attuned to the tastes and the 


knowledge of those who saw and would read his plays. He was, in every way, a 
man of his ame. The general belict in the influence of the planets cannot have lett 


him untouched, and vet it 1s stgnificane that never once did he use the word “as 


trologs He resorted to witchcraft, witches, and ghosts only on rare occasions 


From his writings we cannot estimate the extent to which he believed in the legends 
of his time 

As for a belief in the humoral pathology, there was no other pathology in his 
day. Galen's influence was sull strong, even though Leonardo had ventured to 
doubt, and even though Vesalius had published his epoch-making studies of anatomy 
betore Shakespeare's birth. The interesting speculation has been offered that Shake 
speare knew something of the rumors of Harvey's work, even though the latter's 
studies of the circulation of the blood were not published until 12 vears after Shake 


speare’s death. There are one or two references that may be used to bolster this 


speculation, but it 1s only speculation nevertheless 

As for mental illness, it seems reasonably clear that he viewed insanity, or mad 
ness, as a disease of the brain, duc to various causes and possible of cure by medical 
means. Although he made reterence to the dark room and the chains and the beat 
ings, he nevertheless had the physician in Azng Lear resort to what today we would 
call prolonged sleep treatment tor the successful cure of the ailing king. Shake 
speare Was a humane person and treated his mentally deranged characters with sym 
pathy His depictions of human nature and the struggles of human beings in the 
face of Contlice and stress are vivid and show a rare understanding of mental mech 
anisms 

It ts interesting too to note that some ot the beliets that prevailed in Shakespeare's 
time are not entirely dead even today. There are stall those who believe in the power 
of the planets to influence human affairs and who consult astrologers tor advice. As 
tor witchcratt, there are areas of the United States where a belict in the power of 

hexing to bring about evil or curative effects on human beings and on animals 
still flourishes. As tor the humors, the word ts being used again in neurophysiology, 
although, of Course, in a somewhat different sense from that which prevailed in the 
time of Shakespeare. Our everyday speech has been enriched by numerous words 
and phrases that ortginally reterred to astrology, witchcratt, or the humoral pa 
thology consider, disaster, lucky stars, jovial, mercurial, saturnine, prestige, glam 
or, bewitch, choleric, splenetic, phlegmatic, sanguine, and melancholic, to mention 
only a tew 

We have reviewed all too brietly some of the ideas prevalent in Elizabethan and 
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Stuart times relative to the mental functioning, particularly the abnormal, of human 
beings. In the space of 350 vears it might be expected that much has happened tn 
the field of psvchiatry, and indeed, such ts the case. Not only that, the progress in 
very recent vears seems to be gaining speed, and to predict what may come about 
in the next 50 vears would need a wise and rash man indeed As knowledge has 
increased as to physiology and pathology, the need tor reterence to supernatural 
influences has waned. Diseases that were formerly ascribed to witchcratt we now 
know to be duc to infections, new growths, or nutritional disorders Alchough 
Michael Servetus 1553) had described the pulmonic circulation even betore Shake 
speare’s birth and had been burned by order of Calvin tor writing the book in which 
this discoverv was announced, tt was the revolutionary book of Harvey 1628) on 
the circulation of the blood that caused the tirse serrous doubts concerning the 
by 


humoral pathology A few vears later the theories of Harvey were completed by 


Malpighi's 1661) demonstration of the capillary circulation. The work ot Boyle 
1660 , who demonstrated the weight of air and studied respiration and combustion, 
gave the coup de erdee to the humoral theories, although tormal physiology was not 
developed until the time of Claude Bernard in the middle of the nineteenth century 
Later developments in the field of physiology and pathology came with the demon 
stration of the function of the so-called ductless glands, the study of the effects of 
the emotions by Cannon of Harvard 1915), and more recently sall, the studies of 
the chemistry of the nervous system, which promise to cast much further light on che 
subjects of neurology and human behavior. In the tield of anatomy, the phreno 
logical theortes of Gall and Spurzherm 1830) gave impetus to modern neurology 
along with the epoch-making work of Cajal | 1900 and his successors on the struc 
ture of the nervous system, while the genetic formulations of Mendel 1860) have 
been applied to some degree to psychiatric problems in recent vears. More recently 
roo, extensive studies have been made on the soctological and anthropological tactors 
in the development of mental disorders 

Regarding the mentally ill, the sort of abuse that was meted out to the poor victims 
in Bedlam continued until the time of the French Revolution, when the increasing 
interest in human dignity and the rights of the individual sermulated the work of 
Chiarug: 1793) 1n Florence and Pinel 1801> in Parts. In addition to setting up 
principles of humane care, as did also Tuke at the York Retreat in England, Chiarugi 
and Pinel established the fact that mental illness 1s a medical problem rather than a 
theological or philosophical one It was Pinel who urged what ts known as moral 
treatment, that ts, the application of pleasant surroundings and of kindly humanc 
care, and the use of baths for sedation rather than extensive drugging 

Psvchiatrv, however, as we know it today, 1s much more recent than chat. {t 
started with Kracpelin 1883), the great German « lassifier, whose work was amplified 
by Bleuler and Jung, these latter developing their work on the findings of Sigmund 
Freud 1895 . who in turn had been influenced by Charcot. It was Freud who gave 
us for the firse time a true understanding of the dynamic power of the unconscious 


and thus shed much light on the understanding of what the mental patient ts at 


tempting to express. It was he too who developed what 1s now known as psye ho 


analysis, an important method of psychotherapy, the basic pring iples of which have 
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permeated in large measure the whole of psychiatry. Freud's work has been even 


more productive in the treatment of the neuroses, which formerly were as much a 
terra incognita as the psychoses and which were recognized as treatable much later 


than were the more obvious mental disorders. What ts known today as hysteria 


in Shakespeare's time as the ' mother” and the other neuroses, carlier reterred to 


as the“ vapors’ for example, are, thanks to Freud, understood and treatable 
In this country psychiatry owes much to the work of Adolf Mever ot Baltimore and 
to William A. White of Washington, who emphasized the unity of the organism 


and the close interrelatedness of what we choose to differentiate as mental and 


somatic. Parallel with the development of psychiatry we have had that ot pss 
chology, starting with the experimental psychology of Wundt 100 vears ago and 


developing into the many-taceted specialty of today. Of particular interest in chat 


field ts the displacement of the carher taculty psychology by the recognition today 
that mental processes are integrated and that the reason ts not independent of the 
emotions, and indeed, that much that passes tor reasoning ts emotionally motivated 

In the development of psychiatry the pendulum has swung to and tro, trom the 
physical to the psychological and back, in terms both of explanation and of treat 
ment. For many years after Shakespeare, mental peculiarities were looked on as 
basically physical, then, with the later rise of psychology, emphasis was laid on the 


psychological aspects. That there are many types of mental disturbance with an 


organic basts is-being called to our attention lately with the growing proportion otf 


the elderly in our population. More recently there has been a growing interest in 


the chemical aspects, and much 1s being learned trom the study of the so-called 
ataracei drugs and of the hallucinogenic substances that produce mental symptoms 


closely mimicking the classical types of certain psvchoses. As psychology and psy 


chiatry have developed, they have extended bevond the private practice of clinical 


psychiatry into other fields such as industry, education, and the law 


In treatment, substantial progress has been made, one of the most startling tr 


umphs has been the cure of general paresis with malaria and later with pentcillin 
The newer drugs, too, have been valuable aids to other forms of treatment of the 
psychoses, such as individual and group psychotherapy, the value of psychotherapy 


in the neuroses has already been mentioned. With earlier recognition and treatment, 


and with the growing public understanding and sympathy, the outlook tor improve 
ment and cure of mental disorders has been substantially brightened 

There are sull, however, many gaps tn our knowledge The relatively recent 
recognition of this fact by legislative bodies and private foundations has led to the 


allocation of large sums of money tor the support of research into the various aspects 


pathological, psychological, social, genetic, and economic of causation, pre 


vention, and treatment. We may safely expect in the near tuture great advances 


along these lines. Psychiatry has come tar since Shakespeare's day, but the road 


ahead ts sall long 
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In these summer days of golden letsure, when there ts a little more time for reading, 
let Us talk about books 

Charles Grosvenor Osgood once suggested that the best way to withstand the 
stresses of modern life was to select a great poet as constant guide and companion 
in the daily adventure of living a poet who would be an angel forever hovering at 
our shoulder, a Vergil capable of transporting us to the paradise where Beatrice 
waited tor Dante. Such a poct had to be a source of inspiration, a teacher, a svn 
thesis of intellect and spirit, humaneness and encyclopedism 

Years betore read Osgood's advice, I had already adopted’’ several authors 
Cervantes, Ortega vy Gasset, Montaigne, Goethe, Dickens, Romain Rolland, Vive 
kananda, and others as faithtul companions on the road of lite. My choice was 
guided by the athnity [tele coward these men and by the conviction that their minds 
were vast regions to be endlessly and passionately explored. For the spiritual reward 
in reading again and again the authors of one’s choice ts that one keeps on discover 


ing new values in them, just as he who devotes himself to knowing one city alone 


keeps on discovering new attractions that are missed by the globetrotter, who knows 


the world with the same skin-deep superficiality with which Don Juan knew his 
women, while their inner beauty completely escaped him 

But here | wish only to answer a question put to me by some colleagues. Which 
ten recreational books would take with me on a vacation? The question ts irresistible, 
tor books are the tapestry with which I have decorated my spirit 

I shall begin by climinating all recent books, bearing in mind Emerson's counsel 
not to read a book less than a vear old W here chotce is of the essence, It Is well to 
heed such advice. Besides, most of the latest literature ts ephemeral and deserves 
no more attention than any common pastime. Most “ best-sellers’’ are forgotten 
as soon as they become outmoded. For of all the fashions, the most old-fashioned, 
in literature as in clothes, are not those that are centuries old but chose of vesterday 

The tirse book T would select would be that inseparable companion of my lite, 
Don Quixote. As a child they made me detest it in school, just as children in schools 
here learn to detest Shakespeare. How fortunate | was to rediscover it later! For 
Don Quixote is a perennial garden, cach page abloom with gorgeous tlowers. It ts 
\laddin’s cave overflowing with priceless treasures. It ts perhaps the greatest novel 
ever written and no other book has exerted so much tntluence on human ideals 
One ts at once amused and touched by the adventures of the romantic knight who, 
mad in mind and pure in thought, sought to transtigure, before reforming it, the 


tal originally appeared in an abridged version in MD Medical New smagazing 


world. and one also takes great delight in the stvle, of biblical simplicity This 
is a human comedy, a vast landscape drenched in the sun of lite, peopled by beings 
rich in color and drama. Every vear | reread Don Qarxote, and my soul gains moral 
weight and is enriched with ounces of sunlight 

Next Montatgne’s Essays A pirates’ coffer could hold no greater variety of 
unexpected treasures. Sitting by the fire in his castle, the author, shaking with 
cold. finds warmth in his own thoughts. He ts not gentle and kind like Cervantes, 
hut he 1s wise and understanding. His work, like a powlarde au demi-deuil, is on 
crusted with savory truffles anecdotes, commentarics, tronics, WIttICISMs, and 
savings and his prose has a sober musicality 


lo nourish the vearning to travel in time instead of space, I would choose the two 


hest historical novels | have ever read: The Closter and the Hearth, by ( harles Reade 
and The Romance of Leonardo da Vines, by Dmniert Merezhkovskt preterencc 
compels me to pass up with much regret Dumas musketeers, for while | can hardly 
think of a more delightful friend than D'Artagnan in Twenty Years After and the 
lescount of Bragelonne a tecling shared by Robert Louts Stevenson), in historical 
value and literary stvle Dumas’ books cannot compete with the two novels 
mentioned 

The Closter and the Hearth was called by our tamous colleague, Arthur Conan 


Dovie, the greatest English novel Let Dr. Conan Dovle tell himself what Charles 


Reade did 


Litthe more Could be added co this brilliance description made by Conan Dovle in 
his Through the Mage Door, a prece of writing itself as precious as a rare gem and 
unfortunately, as little known as many of the Amazon s mysterious tributaries 

Merezhkovski's The Romance of Leonardo da Viner could easily make today's his 
tortcal best-sellers blush with shame. Its pages sparkle and glitter with the robust 
polychrome world of the Renatssance. Not only da Vinci but his times spring to 
life in this vivid portrayal of the most extraordinary pertod in history, when, atter 
the long medieval night, a brilliant rainbowed dawn heralded a wondrous new 
world. In my opinion, these two novels are superior even to lolstor's War and 
Peace. another formidable contender 

From a man ot encyclopedi knowledge like Leonardo, let us turn to a man en 


cvclopedic in love: Giovanni Jacopo Casanova Do not be alarmed, but I consider 


Casanova’s Memos not the cheap abridged editions, hut the great cight-volume 


PAILNDS POR THE ROAD Varli-lhane: 


He tak tt ad by th hand, and | ads him away toe Midd! \g and t - 

tronal studv-burle Middle Age, but a pet nl go with life. ftolk whoarea 
human and real as a bu vad in Oxtord Street He tak him che and, how 
him the painter the dvk th H ads him down th the Rhus tl 

pinal marrow of Medieval Europ He shows him the daw f printing, the beg r S 

t treedom, tt ife of the great ant t South Germany, tt tat Italy, th 
artost-lit f Ror the monast titutior th the Reformat And all tt 

between th rs of book naturally introd too, and told wait 

ind sf t Apart tron the hug pe of it the mere study of Gerard ature, 
} tu h th who pitiabl ly atl nak he k great 

t tal I think, ab ling of knowledge with imaginat shich mak t stand a a 

r literatut 


French edition of which there 1s an excellent English translation) one ot the most 
dazzling paintings of his times and a fascinating portrait of a unique man, as devoted 
to collecting women as an entomologist ts to collecting bugs. Written in beautitul 
terse French, the Memorrs reveal extraordinary descriptive powers. Characters and 
scenes succeed one another in a Mardi Gras crescendo. It ts interesting to observe 
that the landscape did not exist tor Casanova. Strictly a man of action, he devoted 
numerous pages to describing in detail one single amorous encounter, while dis 
missing in a few words the lovely cities chat sheltered his love affairs. The Memorr: 
are a human document of extraordinary interest trom a psychopathological view 


point. To physicians they represent, besides, a window opened wide to the medicine 


the great physicians and the quacks, Casanova among them) ot the eighteenth 
century 

From the diabolical to the angelical. A physician who never became tamous as 
such but who gained immortality as an author, Dr. Oliver Goldsmith wrote The 
Vicar of Wakefield, which Goethe considered the greatest novel of the eighteenth 
century and which Dickens took to bed and reread every night. Goldsmith studied 
medicine in Edinburgh and Padua, but he tailed protessionally in England and died 
owing 2000 pounds. The Vicar of Wakefield, his most tamous novel, which moved 
Walter Scott to sav: ’ We read it in youth and age, we return to it again and again, 
and Samuel Johnson: © Goldsmith writes like an angel,” 1s the biography ot a pure 
kind man. Through its pages there flows a stream of limpid, gracetul prose, charm 
and humor. Upon reading such pages one’s soul becomes decked with sweetness 
and tenderness 

\ sister to this last novel in the purity, simplicity, and generosity of the hero ts 
the Prkwik Papers, by Charles Dickens. This book sings and dances. Its pages 
ring with the clangor of hunting horns and the jingle of bells on stagecoach mules 
No other novel tlustrates so well the tace that our predecessors walked when they 
strolled and ran when they wrote, whereas today we run when we stroll and we 
creep when we write. The Pickwick Papers are all action and enterprise steeped in 
tender sentimentalism and sharp humor. The world in this book, sun-sparkled and 
gay, teeming with stagecoaches jogging along frosted roads, inns with blazing tire 
places, storybook Christmases, and romantic loves this world of Dickens ts an 
eiderdown quilt co warm all cold hearts 

A beaucitul contrast to this last book 1s Voltaire’s Candide, which describes the 
adventures of a young man who travels the world in seach of love, tortune, and 
the meaning of life. Candide’s greatest charms are tts profound satire on the phi 
losophy that we live ‘in the best of worlds’ and its magnificent crystalline pros 
Read Candide it you crave to write with diaphanous clarity. Its pages vibrate with 
lights and shadows, with subtle sensualities and poignant yearnings 

An altogether different hero ts chat of Jean Christophe, by Romain Rolland, published 
in French in ten volumes and in English in one volume. Originally, Romain Rolland 
intended to write the lite story of Beethoven, but he ended by writing a masterprecc 
wherein is resumed the author's lite creed as action and service. This ts the book, 
together with The Unrversal Gospel by the same author, that has most intluenced 
my lite. Jean Christophers a symphony of words and the bible of humanity. Here 1s 
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a universal message completed in the author's other novel, The Enchanted Sow 
symbolized in a river, on whose banks the hero dreamed as a child 

Source of mental peace, inspiration, and beauty such is Thoreau’s Walden, an 

ther taithtul companion of many vears. In this sensitive book we can live step by 

step the author's voluntary exile at Walden Pond, witness and teel the change of 
seasons in his Robinsonian isolation: the silver petals of the snow silently drifting 
to the ground, the quiet clamor of spring bursting into tiny green tendrils and shy 
manv-hued blossoms, the glowing fires of autumn, the summer's golden peace, and 
enveloped in the fresh aromas imprisoned between the pages, we can listen to the 
stirring inner music of the author, who finally found peace tacing the placid waters 
of Walden Pond 

I should be most happy it | could top this delectable partait of ten great books 
with the cleven adventures of John Buchan’s hero, Richard Hannay, John Stembeck's 
stories of the parssanos of Monterey, the historical novels of Conan Dovle, the great 


major novels of Ro L. Stevenson, and my two tavorite and often read novels by the 


physician-author, Somerset Maugham, Cakes and Ale, a technical masterpiece 
and The Narrow Corner, a marvelous narrative 

But as Conan Dovle would sav, the moment has come to close the magic door 
to the library and open another door tar more magical) the cover to anv of thes 
hooks, all of them passports to the paradise of reading, the most beauctul peacetul 


ind eternal of all paradises 


Course in Rehabilitation Care of 


the Chronically Hl Patient 


\ one-week course for physicians, devoted to the rehabilitation care of the Chron 
ally patient, will be held Nov. 16 20, 1959, under the auspices of the Depart 
ment of Physical Medicine and Rehabilitation, New York Medical College Metro 
politan Hospital Center, New York City. The course will offer a review of the prin 
iples and techniques in the medical care of the Chronically ill to meet the needs of 
the cli an, medical administrator, and public health physica Phe course wall 

ide physiology and pathology of chronic diseases, nutrition and dental car 

management of bedridden and tmcontinent patients, home care programming, com 
munity needs and resources, public health aspects, self-care activities, prosthet 
levices, and psychological and social aspects 

Ihe tuition is $100.00. Traineeships for curtion, maintenan and travel are 
available through tunds provided by the U.S. Office of Vocational Rehabilitation 


Applications for the course and traineeships can be obtained direcely trom Dro Jerom 
S. Tobts, Chairman, Department of Physical Medicine and Rehabilitation, New 


York Medical College, 1 East 105th Street, New York 29, New York 
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On the Trail of the Poltergenst. SANDOR ropoR. New York, The Citadel Press, 1955 


Pp. 223. Price $3.95 

Ghosts haunt houses at night, poltergeists haunt people in daylight 
of a ghost 1s usually a long one, while a poltergeist s ts 
a few weeks or months at the most \ 


In lore and 


licerature the “lite cycle 
short though merry and mischievous 


racketing spirit’) or poltergeist, twenty years ago, terrorized the dignitied suburban 


home in Thornton Heath, England, of Mr. and Mrs. L. Forbes, who lived with ther 


son David and a crippled lodger. Objects vanished, crockery broke, stones wert 


thrown, saucers flew, and notses of a 


psychic” origin were heard The phenomena 
Forbes. Roman lamps and a prehistoric tlint ax sud 


centered around lively Mrs 
denly sprang out of nowhere betore her eyes, a Byzantine nec klace was placed around 


her neck by invisible hands, and she was clawed by an invistble uget 
Dr. Fodor, in an attempt to explain the case, investigated the phenomena and 
eventually traced them to the unconscious mind of Mrs. Forbes and to her sexual 


neurosis and childhood traumas. The tale of how the author studied the case makes 


fascinating reading and confirms his reputation as one of the foremost screntiln 


investigators of © psychic’ phenomena This is a lively book, which in manuscript 


form was read and praised by Freud 

Poltergeist phenomena, according to Dr. Fodor, are an episodic mental aberration 
of a schizophrenic character arising trom mental trauma and subsequent dissociation 
Mediumistic apports are produced as a neurotic develops his symptoms and may 
actually be a kind of selt-therapy. To Dr Fodor, the origin of poltergerst psychoses 
may be a sort of psychic lobotomy, and explosive cleavage of the personality, which 


tears away and lets loose, floating free, an infantile fragment of the psyche, which 


then proceeds to ratse hell around the poltergeist progenitor, just as a wih ked child 


might do to a harassed parent bélix Marti-lbater, M.D 


Practical Leads to Puzzling Diagnoses. wavrer acvarez. Philadelphia, Lip 


pincott Co, 1958. Pp. 490 Price $9.00 

Walter ©. Alwarez has been for many happy years not only a great physician in the 
noble svdenhamian tradition, but also a great cducator endowed with boerhaavian 
His books, Inke his lectures and his conversations 


savor farre and oslertan savorr dire 
He has imagination and 


are always challenging, enlightening, and practical 


definite opinions. and makes the best of them for the good of his colleagues and his 
} 


He hides his erudition under a mantle of humor, his clinical viston un 


patients 
lo read 


a cloak of Common sense, perhaps the greatest of his manv medical virtues 
his books ts always an education and a delight, even tor those who might not agre: 


with him 
And now, once again Walter ¢ 
the little things in the clinte that conceal enormous medical problems 
‘which he has studied so brilliantly in che past, but the 


Alvarez returns to one of his basic preoccupations 
This come 


itis not the hietle strokes, 
little symptoms behind whose tlimsy covering les the ominous tagade of psychoses 


Digging into his experience of halt a century with patients, he has thrown co the 


arena the challenging question of the tamilics of patients atilicted with epilepss 


alcoholism, psychosis, or other mental disease. He has tound that in this countrys 
millions of relatives of the institucionalized, hospitalized, and undiagnosed ambu 


¢ 


latory mental patients have themselves an appalling variety of mild sympton 
He 


psychoses, hidden under the disguise of countless clinical diagnoses 


by the patients with a so called organic disease, which might be nothing 


And he does what a true physician sh 
the at 


neurosis or a mild psychosts 
goes back to that precious reservoir of medical knowledge 


are classified hundreds of clinical case histories, and he collects 


alcoholic, epileptic, and psychotic patients 


Remembering that classic authors already recognized the major 


mental disease, Dr. Alvarez looks tor the minor equivalents. He tnvestig. 
strange symptoms and syndromes present in millions of persons exempliti 


hundreds of case histories collected by him) who are considered organs 


and who go to an internist, and discovers that often these patients organi 
currently disturbing svmy 


liscas 


is of no great significance and 1s not really produc ing their 
toms. He looks into heredity factors which he considers the most important an 


environmental conditions, and peers Into Carriers Of Psy hoses who scem to be norma 


and “sane 
bing the symptom 


The result of this vast undertaking 1s a monumental book descrt 
} 


and syndromes that he found were bothering $74 relatives of psychotics and al 
And he concludes that of the ‘ nervous’) and n 


and 99 relatives of epileptics 
about 90 per cet 


persons scen daily by general practitioners and internists, 


neurotics amenable to psychotherapy and the rest are ‘eccentric and poorly adjust 


rosvmy 


persons who suffer tear, phobias, compulsions mild depressions, and oth 


toms, which he accepts as revealing of psvchosts 

This book, because of its clinical scope, defies reviewing, but rt hlv deserve 
read by practicing physicians who encounter these problems daily Te ts weer 
terse, plain, and hard hitting, with Mediterranean 


like the sar 


the unique Alvarez stvle 


ositv, and the deftly selected literary and medical quotations arc 


Martt-lhatiez, M.D 


truffles in a succulent pr 


Mechanisms of Hy pertenston Wosth a Constderation of Ather 


SCHROEDER, M.D. Springticld, HL, ¢ harles © Thomas, 1957 


The basic mechanisms of hypertension are examined in this book with an att 


to relate them to laboratory and clinical evidence Ihe author discusses. th 


plex of factors in the human disease, basic or constitutional factors urogen! 
nephrogenic effector mechanisms. factors influencing the conversion of neurog 
to nephrogenic hypertension, trace metals and cardiovascular diseas hanisn 


in atherosclerosis 
Therapy of hypertension and atherosclerosis are discussed less thoroughly 


The book ts well organized and well written and it includes a helptul bibliography 


and index 
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Technique of Vlusd Balance Principles and Management of Water and Electrolyte Therapy 


Grormey TovEY, Mop. Springfield, Charles ¢ 


Thomas, 1957. Pp. 100 
Price $2.50 


This brict monograph ts a succinct outline of factors in body fluid equilibrium and 
techniques for correction of fluid imbalance 


Pointing out that water and electrolyte 
therapy must often be carried out in the absence of any laboratory aids, the author 
| 


includes a helpful appendix of rapid and simple chemical techniques tor use when 
full laboratory facilities are not available 


Chapters are inc luded on: volume, distribution, and chemical composition of body 


fluids, physiology of fluid balance, consequences of fluid depletion, maintenance of 
fluid balance, diagnosis and treatment of body fluid deficit, adverse effects of treat 
ment. special problems, technique 

} | 


Proniples of Therapeutics J) HAROLD BURN, M.A, Springheld, 
Charles Phomas, 1957. Pp. 278 


Price $5.50 


Although utled The Prenceples of Therapeutics, this book actually deals as much 
with pharmacology as with therapeutics. Most of its 33 chapters consider particular 
lrugs and groups of drugs, ¢.g analgesic substances, alcohol, anesthetics, stimu 
ants. insulin, metallic sales and vitamins 

This book 1s not recommended as textbook or physician's reterencc because tt 
several inaccuracies and half-truths 


for example, 


chloramphenicol ts used 
broad range of conditions, although the author advises that it be used only 


The bibliography ts inadequate, and in addition to the 


maccura 
mans 


ases the discussion ts not very thorough 


Kepr nduction: ¢ 


Ispects, Normal an fh» 
HOMAS VELARDO. New 


rnd EDITED 
York, Oxtord University 


Press, 1Y5S 


aretully written, well-organized review of essentials of human reproduction ts 
the 10 chapters of this book, cach written by one or two prominent 
linical endocrinology 

followed bv a d 


ul 


\ study of endocrines and reproduction ts pre 


escription of ovulation, Menstruation and aspects ot 
Disturbances of pregnancy, gvnecological disorders, intertilitv, and 
pathology of female and male reproductive systems arc considered next 


it lustrations, color plates, and charts supplement the text 


auqust [999 
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MD MONOGRAPHS ON MEDICAL HISTORY NO. 3 , 


A History of Ophthalmology 


by Grornce Annineron, Jn., M.D. 


Associate in Ophthalmology 


Medical College of Virginia, Richmond, Virginia 


Foreword by From Manri-lpasez, M.D. 


A History of Ophthalmology presents a study of the development of the “ophthalmo- 
logical mind” throughout the history of civilization. The book attempts to guide 


the ophthalmologist to the sources of concepts that regulate his daily clinical 
functioning. He is introduced to the great thinkers who established, through 


both reasoning and experimentation, the basic ideas of visual function and dys- 
function on which the science of ophthalmology is founded. Ophthalmology is 


carefully related to medicine generally in this work, and their roles of interde- 
192 pp., clothbound, price $4.00, 


pendence and interaction are shown. 


A History of Ophthalmology is the third book in a series written and designed for physicians, 


sociologists, educators, and members of related professions, as well as residents, interns, and 


students. Under the editorial direction of Félix Marti-lbatez, M.D. Professor and Director 
of the Department of the History of Medicine, New York Medical College, Flower and Fifth 


Avenue Hospitals, the series is designed to enrich the physician's knowledge of medicine and 


to impart useful information. A History of Public Health by George Rosen, VID. PhD, MEPLEL, 
and A History of Neurology by Walther Riese, M.D., have recently been published. Beautifully 


designed and attractively bound in durable cloth, A History of Ophthalmology exemplities the 


ultimate elegance in the art of bookmaking and will make a handsome addition to your library 


MD PUBLICATIONS, INC. 
30 East 60th Street, New York 22, N. Y. 


Please send me one copy of A HISTORY OF OPHTHALMOLOGY 
at only $4.00 per copy. 


Check enclosed. Bill me. 


Name 
Please print plainly 


City Zone Slale 


Address 


A NEW, ESSENTIAL, AND TIMELY BOOK 


Edited by Henry Welch, Ph.D., 


antibiotics 


Symposium on Antibiotics, 
Washington, D. C. 


1958-1959 October 15, 16, and 17, 1958 


180 REPORTS ON THE LATEST FINDINGS IN ANTIBIOTICS 
by 408 AUTHORS REPRESENTING 19 COUNTRIES 


PANEL DISCUSSIONS 

* Antistaphylococcal Antibiotics—Maxwell Finland, Moderator 

* Hospital Staphylococeal Problems—-R. I, Wise, Moderator 

Historical Session Commemorating the Thirtieth Anniversary of the Discovery of 
Penicillin and the Tenth Anniversary of the Introduction of Broad-Spectrum Antibiotics 
SOME SELECTED SUBJECTS AMONG THE 180 PAPERS 

* Reports on the new antibiotic kanamycin * Novobiocin for hospital-acquired 
staphylococcal infections * New antibiotics: streptovitacin and leucomycin 
¢ Response of pneumonia and streptococcal tonsillitis to oleandomycin * Vunco- 
mycin for severe staphylococcal infections * Use of ristocetin for staphylococcal 
pneumonia ¢ A new sulfonamide sulfadimethoxine * Control of fungal infections 
of orchids with nystatin © Response of the common cold to oxytetracyeline tablets 


A Unique and Indispensable Volume for Every Physician, Research Worker, and Teacher 


ONLY $12.00 for a copy of this attractive, hardbound volume of 1100 pages in length, 
including charts, illustrations, and a comprehensive index. 


MEDICAL ENCYCLOPEDIA, INC, 
30 East 60th Street, New York 22, N. Y. 

Please send me one copy of ANTIBIOTICS ANNUAL 1958-1959 at only 
$12.00 a copy. 


| 
C) Check enclosed. [) Bill me. 
(Please print plainly) 


